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The Easy Lessons In Natural Philosophy is in- 
tended for children. It is arranged on the '' question-and- 
answer" plan ; but the answers, in almost every case, con- 
tain in themselves a distinct statement apart from the ques- 
tion, thus removing the objections of those who are op- 
ponents of the ** question-and-answer " plan of teaching ; 
which, if properly used, is shown by experience to be one 
of the best methods of reaching the mind of a young child. 

The Intermediate Lessons In Natural Philos- 
ophy is designed for the use of pupils who have finished 
such books as Houston's " Easy Lessons in Natural Philos- 
ophy/* Martlndale's "First Lessons in Natural Philos- 
ophy," Swift's "First Lessons in Natural Philosophy," 
Hotse's "First Lessons in Physics," Parker's "Natural 
Philosophy," Part I., Peterson's "Familiar Science," and 
other similar books, but who are not sufficiently advanced 
to take up the larger text-books. Its publication was de- 



termined upon at the request of teachers in many parte 
of the country, who have felt the need of a book of this 
grade to meet the wants of their own classes. So far as we 
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will give satis&ction wherever introduced. 
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Preface 

TO THE OEIGINAL EDITION. 



TN the preparation of this work, an endeavor has been made to supply a concise yet compreheiuive 
-'- t«xt-book, suited to the wsDta of a majority of our schooU. 

The Author, in the course of his teaching, baa experienced the need of a work in which unneces- 
sary details should be suppreseed, and certain subjecte added, which, though usually omitted in works 
on Physical Geography, seem, in his judgment, to belong properly to the science. The variety of 
topics necessarily included under the bead of Ph^cal Gieography renders it almost impossible to 
cover the entire ground of the ordinary text-books during the time which most achools are able to 
devote to the study, and the feeling of incompleted work thus impressed on the mind of both teacher 
and scholar is of the most discouraging nature. 

To remove these difficulties, the Author, during the past few years, has arranged for his own 
students a course of study, which, with a few modifications, he has at last put into book form, thinking 
that it may prove benefidal to Others. • 

The division of the text into large and small print has been made with a view of meeting the 
wants of difierent grades of schools, the large type contuning only the more important statements, and 
the small type being especially designed for the use of the t«acher and the advanced student The 
maps have been carefully drawn by the Author according to the standard works and the latest 
authorities. Neither time nor expense has been spared to insure accuracy of detail and clearness 
of delineation. 

Throughout the work no pains have been spared to insure strict accuracy of stotement. Clearness 
and conciseness have been particularly aimed at ; for which reason the names of authorities for state- 
ments which are now generally credited have been purposely omitted. 

llie Author fias not hesitated to draw information from all the standard works on Gec^raphy, 
Physics, Geology, Astronomy, and other allied sdences ; and in the compilation of the Pronouncing 
Vocabulary he acknowledges his indebtedness to Lippincott's Gazetteer of the World. 

Acknowledgments are due to Mr. William M. Rpackman, of Philadelphia, and Prof. Klihu 
Hiomson, of the Central High School, for critical review of the manuscript. Also to Mr. M. Benja- 
min Snyder, of the Central High School, for revision of the proof-sheets of the chapter on Mathe- 
matical Geography. E. J, H. 

Cektral Hioh School, Philadelphia, Pa. 
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Preface 

TO THE REVISED EDITION. 



rpHE marked pn^^reM which has been made in moet of the departments of adenoe embraced 
in the study of Physical Cieography eince the iseue of the ori^al edition of "The 
ElementB of Physical Geography" has rendered the preparation of a revised edition a matter 
of necessity. 

The study of Physical Geography, including as it does not only the crust of the earth and 
its heated interior, but also the distribution of its land, water, air, plants, and animals, includes, 
in its range, a great variety of topics, and necessitates for its proper elucidation many branches 
of wicnce. Some knowledge of the elementary principles of these sciences is necessary to the 
proper study of Physical Geography. The number of such principles is great, and the temptation 
naturally exists to encumber even an elementary text-book with such an abundance of leading 
principles as to render it either incomprehensible, or too extended for actual use in the school- 
room. 

The author has endeavored in the revised edition to avoid undue multiplicity either of ele- 
mentary principles or unimportant details. His object has been to develop forcibly the close inter- 
dependence of the inanimate features of the earth's surface, the land, water, and air, with its 
animate features, its flora, and fkuna, and to show the marked influence which all of these exert 
on the development of the human race, and, therefore, on hi^ttory itself. 

Becognizing, i¥om his standpoint of a teacher, the inadvisability of crowding a book with 
new matter simply because it is new, the author has carefully avoided the introduction of new 
theories unless they have been generally accepted by the best authorities. Old theories are in all 
cases given the preference of new ones, unless the latter bear the stamp of general approval. 
At the same time the results of recent investigations have been freely given in all cases where 
Abt have been considered sufficiently authoritative. 



PREFACE. V 

la order to avoid conjusing the miad of the student, controversial matters have been carefiillj 
avoided. When, however, opinion on any subject is fkirljr divided, a brief statemeDt is made of the 
differing views. 

The favorable recepUoa accorded by the teaching profemion to the earlier editioos of the book, 
and the flattering increase in the number of schools using it, have satisfied the author of the 
inadvieability of changing, to any considerable extent, the order of sequence of topics discussed, or 
the general maoDer of ezplanation therein adopted. 

Id the preparation of the revised edition the author has fieely consulted the latest standard 
tuithorities in the many sciences represented. 

The maps have all been redrawn according to the beet authorities, and are printed and colored 
by procesBca that in point of clearness and beauty leave little room for improvement. 

EDWIN J. HOUSTON. 



NOTE. 



The firtt cfuqOer qf thia book ft intended mainfy /or r^erence, containhiff cu it does, an adatraat 
qf the elementary principlee (jf Mathematical Otography, vnth which most pupils beginning the stutfy 
qf PhytUxU Geography are familiar. In many ac/tooU in which the book is wed, it ia customary 
to begin the formal study qf the book with the Syllabtui, page 11, which preaenia a oomprthenaioe 
review qf the eh(y>ter, and in practice and reauUa thia plan haa proved aaii^aciory. 
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Physical Geography. 



Introductory. 



L Qw^raphj ia a descriptioD of the earth. 

The earth may be coDsidered in three different 
ways; 

(1.) In its relations to the BoUr system ; 

(2.) In it» relations to government and society ; 

(3.) In its relaticns to nature. 

Hence arise three distinct branches of geog- 
raphy — Mathematical, Political, and Physical. 

2. Hathematieal Oeograph; treats of the earth 
in its relations to the solar system. 

Malhemfttlcal 0«0(raptay fonni the true bwis for 
iMUtmte geographical Mnd;, »iatx by the view wc (hni 
obtain or the earth id its relations to the other niemben 
of the solar system, we are enabled to form cWrer cuncep- 
tjons of the laws whtch govern termtrJBl pheaotneoa. 
Here we le*m the location of the earth in space, its sise, 
ronn, and movementa. its division bj imaginary lines, and 
the methods of repreaenting portions of its lurrBce on maiia. 

3. Politieal Oeogntphy treau of the earth in 
its relations to the governments ami sixiftit-s of 



men, of the manner of life of a people, and of 
their civilization and government. 

4. Physical Oeography treats of the earth in 
its relations to nature and to the natural laws by 
which it is governed. It treats especially of the 
systematic distribution of all animate and inani- 
mate objects found on the earth's surface. It not 
only tells of their presence in a given locality, 
but it also endeavors to discover the causes and 
results of their existence. 

Physical Geography, therefore, treats of the 
distribution of five classes of objects — Land, 
Water, Air, PlaiiU, and Animalt. 

Geography deals with the inside as well as with the out- 
side of the earth. It encroaches hcrv on the province of 
geology. Both treat of the earth : geography mainly with 
the eartli's present condition ; geology with ila condition 
both in the putsnd present, though mainly daring the past. 

Siiuie authors make physical geography a branch uf geol- 
ogy, and call it physiographic geology, but we prefer the 
word " physical," or as the etymology would make it, 
"nuluiul" gvugraphy. 



Pabt I. 

THE EARTH AS A PLANET. 




Fig. 1. Th* Euth In Spua. - 

CHAPTER I. 

Mathematical Geography. 

6. Tbe Earth moves through empty space 
around the sun. The old idea of the earth 
reating od, or being supported hy Bonietbing, is 
erroneous. The earth rests on nothing. 

A book or other inanimate object placed on a 
support will remain at rest until something or 
somebody moves it, because it has no power of 
self-motion. This property is called inertia. 

Inertia is not confined to bodies at rest. If 
the hook be thrown up through the air, it ought 
to keep on moving upward for ever, because it 
has no more power to stop moving than to begin 
to move. We know, however, that in reality it 
stops very soon, snd falb to the earth; because — 

(1.) llie earth draws or attracts it; 

(2.) The falling body gives some of its motion 
to the air through which it moves. 

Were the book thrown in any direction through 
the empty space in which the stars move, it would 
continue moving in that direction for ever, unless 
it came near enough to some other body which 
would attract it and cause it to change its motion. 

Our earth moves through empty space on ac- 
count of its inertia, and must conlinve so moviiiff 
for etemUiei. There are ample reasons for believ- 



ing that all heavenly bodies continue their mo- 
tion solely on account of their inertia. The curved 
paths in which the earth and the other planeta 
move are resultant paths produced in a manner 
that will be explained hereafter. 

Space ii not absolutely empty, bat it everywhera tilUd 
with k very tenuoiu snbstBLce called ether, which trans- 
niU to ua the light and hc»t of the heaveniy bodies. 
Wherever the tcl««cope reveals the presence of stars we 
must believe the ether also extendi. 

8. The stars.— The innumerable point* of light 
that dot the skies are immense balls of matter 
which, like our earth, are moving through empty 
space. Most of them are heated eo intensely that 
they give off heat and light in all directions. 
They are so far from the earth that they would 
not be visible but for their immense size. Bevond 
them are other balls, also self-luniinous, but too 
far off to be visible except through a telescope. 
Beyond these, again, we have reason to believe 
that there are still others. 3^e ballt of matler 
are eatled »tari<. 

All the heavenly bodies, however, do not shine 
by their own light, A few — those nearest the 
earth— shine by reflecting the light of the sun. 
These are called planets, and move with the earth 
around the sun, 

7. The Solar Syitem compri^^s the sun, ei^ht 
large bodies called plnnets, and, as far as now 
known, three liundred and fifty-two smalhr 
bodies called planetoids or asteroid*, besides im- 
meroua cometi and meteors. Some of the planeis 
have bodies called moon$ or satellite) movinj; 
around them. These also belong to the solar 
system. 

Fig. 2 represents the solar system. In the 
centre is the sun. The circles drawn around 
the sun show the paths or orbit* of the pianette. 
These orbits are represented as circular, but in 
reality they are slightly flattened or elliptical. 
The elongated orbits mark the paths of the comets. 



MATHEMATICAL GEOGRAPHY 




The druwinjr shows ihe order of the plunet^ from 
the sun their comraon ctmrt, together with the 
iiatellltes or muoiis of some of the plunetu, and 

the riugs uf Saturu. 

8. Names of the FlaneU. — The pianeis. named 
in their regular order from the sun, btRinning 
with the nearest, are as follows — viz.: Mercvry, 
reniM, Earth, Man, JupUer, Saturn, Uranus, and 
Niptune. The first four — Mercury, Vfnut, Earth, 
and Man — are comparatively small ; the second 
four — Jupiter, Saturn, Vramu, and Ne}>tu»e — are 
very large, Jupiter being nearly fourteen hun- 



dred iLiiiiH lurgtr than the earth. The initial 
letters of the last throe planets, Saturn, Uranus, 
and Neptune, taken in their order from the sun : 
9, u, and n — §pell the name of their common 

• MoiTuty has a ine»n or avi-raKc ilisMnc* of 36.000.000 
of mile:* from Ilicaun : Venus, 67,200,000 ; Earth, M.SKIO.OOO; 
and Mara, 141,r^.00O. 

Jupiti^r is 48:1,000,000: Sutnni. S86.000,(I00 ■. tJraiiUS, 
1,781,1K)0,000; Neptnne, 2,791, flOO.OW. The astrroids niOYO 
uruund th«8UD in tbeapsce between the orbits of Mars «nd 
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PHYSICAL GEOGRAPHY. 



It is difficult to obtain clear conceptions of distances that 
are represented by millions of miles. We may learn the 
nambers, bat in general they convey no definite ideas. 
Should a man travel forty times around the earth at the 
equator, he would only have gone over about 1,000,000 
miles. Now, Mercury, the nearest of the planets, is thirty- 
six times farther from the sun than the entire distance the 
man would have travelled, while Neptune is nearly three 
thousand times the distance he would have travelled. 

9. The Satellites. — A satellite is a body that 
revolves around another body: the planets are 
satellites of the sun ; the moon is a satellite of 
the earth. Mars has two moons. So far as is 
known, neither Mercury nor Venus haa a satel- 
lite. All the planets whose orbits are beyond the 
orbit of the earth have moons : Jupiter has five, 
Uranus six, Saturn eight, and Neptune one. Be- 
sides its moons, Saturn has a number of curious 
ring-like accumulations of separate solid or liquid 
particles revolving around it. The earth's moon 
is about 240,000 miles from the earth. Its vol- 
ume is about one-forty-ninth that of the earth's. 

10. The Sun b the great central body of the 
solar system. Around it move the planets with 
their satellites, receiving their light and heat 
from it. The sun is a huge heated mass about 
1,300,000 times the size of the earth. Its diam- 
eter is about 866,500 miles. It appears the 
largest self-luminous body in the heavens because 
it is comparatively near the earth. Many stars 
which appear as mere dots of light are much 
larger than the sun. 

The sun is a body heated to luminosity, and gives out or 
emits light and heat like any other highly-heated body. 
If no causes exist to maintain its heat, it will eventu- 
ally cool and fail to emit light. The sun's heat is partly 
kept up by a variety of causes, the principal of which is 
the heat developed by meteoric showers that fall on its 
surface. If a meteor fall toward the sun from inter- 
planetary space, it will reach the surface with enormous 
velocity, and its motion will there be converted into 
heat. Since, however, the increase of the sun's mass so 
necessitated is not confirmed by astronomical observa- 
tions, it is believed that the sun's heat is not being main- 
tained in this way, and that the sun must eventually cool 
— an event, however, so remote in time that the life of the 
solar system may be regarded as practically infinite. 

Size of the Sun. — Were the sun hollow and the earth 
placed at its centre, there would not only be sufficient room 
to enable the moon to revolve at its present actual distance 
around the earth, but it would still, in all parts of its orbit, 
be nearly 200,000 miles below the surface of the sun. 

All the fixed stars are distant suns, and probably have 
worlds like our own moving around them. 

From the enormous distances of the fixed stars, we are 
obliged, in estimating their distances, to use for our unit 
of measurement the velocity of light. Any other common 
unit would be too small. Light moves through space at 
the rate of about 186,000 miles a second, which is over 



11,000,000 miles a minute. Notwithstanding this prodig- 
ious velocity, it would take over three thousand years for 
light to reach the earth from some of the stars that are 
visible to the naked eye. But beyond these stars the tele- 
scope reveals myriads of others, whose number is limited 
only by the power of the instrument. We may conclude 
that the universe is as boundless as space; that is, light 
can never reach its extreme limits. 

11. Cause of the Barth'e Revolution. — ^The earth 
continues it« motion through space solely on account of 
its inertia. Its curved path around the sun is a resultant 
caused by the constant action of two forces : one, a pro- 
jectile force probably imparted to it when it began its 
separate existence ; the other, the sun's attraction, which 
causes the earth to fall toward the sun. Under the influ- 
ence of the projectile force alone the earth would, in a 
given time, move from a to 6 (Fig. 3) ; but during this time 




Fig. 3. Game of the Oarved Shape of the Earth's OrUt 

it has been continually changing its direction by an 
amount equivalent to a direct fall from 6 to c along b d ; 
hence its real orbit, during this time, is along the curved 
liue a c. 

12. Position of the Solar System in Space. — 
The sun, with all the bodies which move around 
it, is in that portion of the heavens called the 
MUky Way. The sun is an insignificant star 
among the millions of other stars the telescope 
has revealed to us. 

It was formerly believed that the sun was stationary, for 
it was not then known that the positions of the fixed stars 
were undergoing slight variations as regards the earth. 
It is now generally conceded that the sun, with all the 
planets, is moving through space with tremendous veloc- 
ity, the direction at present being toward the constella- 
tion Hercules. The astronomer Maedler, however, believes 
that the grand centre around which the solar system is 
moving is Alcyone, the brightest star in the constellation 
of the Pleiades. The estimated velocity of the sun in its 
immense orbit is 1,382,000,000 miles per year. As the earth 
is carried along with the sun in its orbit, it is continually 
entering new realms of space. 

13. The Earth. —The shape of the earth is that 
of a round ball or sphere slightly flattened at two 
opposite sides. Such a body is termed a spheroid. 
There are two kinds of spheroids — ohUite and pro- 
late ; the former has the shape of an orange, the 
latter that of a lemon. 
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The straight line that runs through the centre 
of a sphere or spheroid and terminates at the cir- 
cumference is called the diain^er. If the aphere 
rotates — that is, tuovea around like a top — the 




Fig. 4. ObUte Spbtrold. Fig, 5. FtoUW Sptgrold. 



diameter on which it turna ie called its ttri* In 
the ohlate spheroid the axis is the shorter diam- 
eter ; in the prolate spheroid the axis is the longer 
diameter. 




FtK.e. Oirtiton of th* Buth'i Su&M. 



The shape of our earth is that of an oblate 

spheroid. The polar diameter is 26.47 milee 
■horter than the equatorial diameter. 
14. Proofs of the Rotundity of the Earth.— 



The earth is so large a sphere that its sur&ce 
everywhere appean^ flat. The following simple 
considerations will prove, however, that \U form 
is nearly spherical : 

(1.) Appearance of Approaching Objeoti. — If 
the earth were flat, a£ soon as an object appeared 
on the horizon we would see the upper and lower 
parts at the same time ; but if it were curved, the 
top parts would first be seen. Kow, when a ship 
is coming into port we see first the topmasts, then 
the sails, and finally the hull ; hence the earth 
must be curved ; and, since the appearance Is the 
same no matter from what direction the ship is 
approaching, we infer that the earth is evenly 
curved, or spherical. 

(2.) Ciroular Shape of the Horizon. — The hori- 
zon — or, as the word means, the boundary — is the 
line which limits our view when nothing inter- 
venes. The fact that this is ahmys a circle fur- 
nishes another proof that the earth is spherical. 

The horiioii wonW ulill be a circle if the rarth were 
perfectly flat, tor we wuulii still see pqually far in all di- 
rections ; but it woald not everywhere be so, since to an 
observer near the edgis some nther shnpe wnnld K[ipv«r. 
It is on acruuut of tbe spherical form of the eartb that oar 
fleld of view on a iilaio is su suoii limitfd by the apparent 
meeting of the earth and sky. Aa we can wo only in 
■tmight lines, olyectB conliniie vifiiWe nntil they reach 
sucb a distance as to sink belnw the horizon, so that a 
straight line from the eye will pan above them, meeting 
the t<ky far beyoiiil, on which, as a baekgronnd, the oltlecle 
on the horizon are pntjected. 

(3.) Shape of the Earth's Shadow.— We can 
obtain correct iileii.* of the .shape of a body by 
the shape of the shadow it casts. Now, the 
shadow which the earth casts on the nio<m dur^ 
inf! an eclipse of the moon is always circular, 
and as only spherical bodies cast circular shad- 
ows in all positions, we infer that the earth is 

(4.) Measnrement — The shape of the earth has 
been accurately ascertained by calculations buaed 
on the measurement of an arc of a meridian. We 
therefore not only know that the earth is oblately 
spheroidal, but also approximately the amount of 
ite oblatencss. 

(h.) The Shape of the Great Circle of Illnmi- 
nation, or the line separating the portions of the 
earth's surface lighted by the sun's rays from 
those in the shadow, is another evidence of the 
rotundity of the earth. 

15. The Diroenaions of the Earth. — The equa- 
torial diameter of the earth, or the distance 
through at the equator, is, approximeXel'i, "ft'tfe 
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miles; ite polar diameter, or the length of its 
axis, is 7899 miles. The circumference is 24,899 
miles. The entire surface is equal to nearly 
197,000,000 square miles. 

The specific gravity of the F&rth is about 5) ; that is, the 
average weiglit of ail its matt«r is five and two-third 
timM heavier than bd equal volume of water. 

16. Imaginary Circles. — In order to locate 
places on the earth, as well as to represent por- 
tions of its surface on maps, we imagine the earth 
to be encircled by a number of curved lines 
called great and small circles. 

A great oircle is one which would be formed 
on the earth's surface by a plane passing through 
the earth's centre, hence dividing it into two 
equal parts. All great circles, therefore, divide 
the earth into hemispheres. 

The formation of a great circle on a sphere b; cutting 
It into two equal parla is shown iu Fig. 7. 




Fig. 7. OrMtdnle. 



places on the 

L'ntTf form ap- 



The sfaorteat distance between any ti 
Mrth is along the arc of a great circle. 

All planes liaasing through (he earth" 
proximately great circles on its surface. 

A smBll circle is one formed by a plane which 
does not cut the eartli into two equal parts. 

The farmatlan of a small circle by cuCtiug a sphere into 
onequsl parts is shown in Fig. 8. 



^ 



The great circles employed most frequently iu 
geography are the rqiintnr and the meridian 
drcies. The Bmall circles are tiie parallels. 



If we divide the circumference of any cirele, whether 
great or small, into three hundred and sixty equal parts, 
each part Is called a degree. The one-sixtieth part of a 
degree Is a minute ; the one-sixtieth part of a minute is a 
second. These diviaions are repreaented as follows: 34°, 
12', 36'' ; which reads, thirty-four degreee twelve minntes 
and thirty-eight seconds. 

The Equator is that great circle of the earth 
which is equidistant firom the poles. 

Meridian Circles are great circles of the earth 
which pass through both poles. 

The Keridian of any given place is that half 
of the meridian circle which passes through that 
place and both poles. A meridian of any place 
reaches from that place to both poles, and there- 
fore is equal to one-half of a great circle, and, 
with the meridian directly oppc^ite to it, forms 
a great circle called a meridian circle. There 
are as many meridian circles as there are places 
on the equator or on any parallel. 

In Urge cities the meridian is generally assumed to fum 
through the principal observatory. 




Fl8.fi. Merldlau and Psrslleli, 

Faralleli are small circles which pass around 
the earth parallel to the equator. 

The meridians extend due north and south, and are 
everywhere of the same length ; the parallels extend due 
east and west, and dwreaae in length as they approach the 

The Tropica are namllels which lie 23° 27' 
north and south of the equator: the northern 

tropic is called the Tropic of Cancer, the south- 
em tropic is called the Tropic of Capricorn. 

The Polar Circles are parallels which lie 23° 
27' from each pole. The circle in the Northern 
Hemisphere is called the Arctic Circle; that io 
the Southern Hemisphere, the Antarctic Cirde. 

17. Latitude is distani-e north or eouth from 
the equator toward the jwles, measured along 
the meridians. It is reckoned in degrees. 

The meridian circles are divided into nearly 
equal parts by the parallels, and it i.i the number 
of thi^se parts that occur on the meridian of any 
place between it and the equator which deter- 
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mines the value of its latitude. If we conceive 
eighty-nine equidistant parallels drawn between 
the equator and either pole, they will divide all 
the meridians into ninety nearly equal parts ; the 
value of each of these parts will be one degree 
of latitude. Therefore, if the parallel running 
through a place is distant from the equator forty- 
five of these parts, its latitude is 45^. If more 
than eighty-nine paralleb be drawn, the value 
of each part will be less than one degree. 

Places north of the equator are in north lati- 
tude; those south of it are in south latitude. 

Since the distance from the equator to the poles 
is one-fourth of an entire circle, and there are 
only 360^ in any circle, 90^ is the greatest value 
of latitude a place can have. Latitude 90® N. 
therefore corresponds to the north pole. 

To recapitulate: Latitude is measured on the 
meridians by the parallels, 

18. Longitude is distance east or west of any 
given meridian. 

Places on the equator have their longitude measured 
along it ; everywhere else longitude is measured along the 
parallels. 

The meridian from which longitude is reckoned 
is called the Prime Meridian, Most nations take 
the meridians of their own capitals for their prime 
meridian. The English reckon from the me- 
ridian which runs through the observatory at 
Greenwich ; the French from Paris. In the 
United States we reckon from Washington. 

Any prime meridian circle divides all the par- 
allels into two equal parts. A place situated east 
of the prime meridian is in east longitude ; west 
of it is in west longitude. 

Since there are only 180® in half a circle, the greatest 
value the longitude can have is 180° ; for a place 181° east 
of any meridian would not fall within the eastern half of 
the parallel on which it is situated, but in the western 
half; and its distance, computed from the prime meridian, 
would be 179° west. 

It is the meridians that divide the parallels 
into degrees ; therefore longitude is measured on 
the parallels by the meridians. 

19. Value of Degrees of Latitude and Longi- 
tude. — As latitude is distance measured on the 
arc of a meridian, the value of one degree must 
^ the -ffiTfth part of the circumference along that 
meridian, since there are onlv 360® in all. This 
makes the value of a single degree approximately 
equal to 69^ miles. Near the poles the flattening 
of the earth causes the value of a degree slightly 
to exceed that of one near the equator. 



The value of a degree of longitude is subject 
to great variation. It is equal to the -^th part 
of the earth's circumference, provided the place 
be situated on the equator; otherwise, it is the 
^^th part of the parallel passing through the 
place that is taken ; and as the parallels decrease 
in size as we approach the poles, the value of a 
degree of longitude must likewise decrease as the 
latitude increases, until at either pole the longi- 
tude becomes equal to zero. 

The value of a- single degree of longitude on the equator, 
or at lat. 0°, is equal to about 69^ miles. 
At latitude 45° it is equal to about 49 miles. 

" 60° " •* 35 " 

u QQO tt a 22 " 

II gQO I* it Q (I 

Oeofirraphical MUe.— The iTiuot^ of the equatorial 
circumference, or the one-aixtieth of a degree of longitude 
at the equator, is called a nautical or geographical mile. 
The statute mile contains 1760 yards; the geographical or 
nautical mile, 2028 yards. The nautical mile is sometimes 
called a knot. 

20. Map Projections. — The term projection as 
applied to map-drawing means the various methods 
adopted for representing portions of the earth's 
surface on the plane of a sheet of paper. 

The projections in most common use are Merca- 
tor's, the orthographic, the stereographic, and the 
conical projections. Of these the stereograph ic is 
best adapted to ordinary geographical maps, and 
Mercator's to physical maps. All projections 
must be regarded as but approximations. 

1. The Orthographic Projection is that by which the 
earth's surface is represented as it would appear to an 
observer viewing it from a great distance. 

2. The Stereographic Projection is that by which the 
earth's surface is represented as it would appear to an 
observer whose eye is directly on the surface, if he looked 
through the earth as through a globe of clear glass, and 
drew the details of the surface as they apiM'an^d projected 
on a transparent sheet of paper stretched in front of his 
eye across the middle of the earth. There may be an 
almost infinite number of such projections, according to 
the position of the observer. The two stereographic pro- 
jections in most common use are the Equatorial and the 
Polar. 

Mercator*8 Projection represents the earth on 
a map in which all the parallels and meridians 
are straight lines. 

Mercator's charts are drawn by conceiving the 
earth to have the shape of a cylinder instead of 
that of a sphere, and to be unrolled from this 
cvlinder so as to form a flat surface. The me- 
ridians, instead of meeting in points at the north 
and south poles, are drawn parallel to each other. 
This makes them as far apart in the polar re^Qu& 
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as at the equator, and consequently any portion 
of the earth's eur&ce represented on such a chart, 
if situated toward the poles, will be dispropor- 




Fg. 10. TheEwthonlCnMtoT'aFnjMUan. 



tjonally large. In order to avoid the distortioD 
in the shape of the land and water areas, the dis- 
tance between successive parallels is increased as 



they approach the poles. The dimenuons of the 
land or water, however, are greatly exaggerated 
in these regions. The immediate polar regions 
are never represented on such charts, the poles 
bdng supposed to be at an infinite distance. 

Herator's charts btc geacnlly omployed for phTsfcal 
mftpa, on Bccoant of the fMllHy they afford for ahowing 
directioD. The diatortion they produce in the relative 
■ize of land or naMr araaa most be carcfbll; borne in 
mind, or wrong Ideas of the relatiTe aize of variona part* 
of the world will be obtained. 

Mercator's charts make bodies of land and 
water situated near the poles appear inucA larger 
Hum they redly are. 

In an Equatorial Projectian of the entire earth 
the equator passes through the middle of each 
hemisphere, and a meridian circle forms the 
borders. 

In a Polar Pngection of the entire earth the 




Fig. IL ThtEartboDanEqutorlalPitJMtian. 



poles occupy the centres of each hemisphere, and 
the equator forms the borders. 
In a Conioal Projection the earth's suriace is 



represented as if drawn on the frustum of a cone 
and afterward unrolled. This projection is suit- 
able where only portions of the earth's surfkce. 




rig. 13, Tb< Earth oa a Polai FiijntioD, 



and not hemispheres, are to be represented. The 
cone is suppc«ed to be placed Mt as to touch the 
earth at the central parallel of the country to be 
represented. 



In mapa as ordinarily constructed it is not tme that the 
upper part is north, the Inner part south, the right hand 
east, and the left hand west, except In thoee on Merca- 
tor's projection. In all map* riue north and mulk lie o/onji 
On MmdMiw, ami d«t out and vcit along IJu paraHdt, naca 
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Vig. 13. The Ooniokl PnjaotJan. 
in iiKWt wiapt both porsUeb and mtridiant are enrmd liittt. 
Therefore, in luoat mapa doe north aad aouth and due east 
mod west will lie along the nicriilians aod parallels, and 
not directly toward the top and bottom, or the right- and 
left-hand side. 

2L The HemUpherei. — The equator divides the 
earth iDto & Northern and a Southern Hemuphere. 

The meridian of long. 20° W. from Greenwich 
ia generally taken as the dividing-line between 
the Eastern and Weetern Henii»iiheree. 

22. The Xovementi of the Euth ; Eotation.— 
The earth turns around from weet to east on \ta 
diameter or axi:^. This motion ie called its ro- 

That the earth rotatfa from wat to tait the following 
consideration will show: To a person in a steamMxr mov- 
ing rapidly in any direction, tlie fences and other ol(Ject« 
along the road will appear to be moving in the oppaalt« 
direction : their motion is of course apparent, and is caused 
by the real motion of the car. Now, the motion of the 
*un and the other heavenly bodies, by which the; appear 
to rise in the east and set in the west, ia apparent, and is 
caused hy the real motion of tlic earth on its axis; this 
motion must therefore be from wal to tail. The sun, the 
planets, and their satellites, so far as is known, also turn 
on their axes from wal to tail. 

The earth makes one complete rotation in about 
every twenty-four hours — accurately, 23 hours 56 
minutes 4.09 eeeonda. The velocity of ita rota- 
tion is such that any point ou the equator will 
travel about 1042 miles every hour. The veloci- 
ty of course diminishes at points distant from the 
equator, until at the poles it becomes nothing. 

23. Change of Day &nd Hight— The earth re- 
ceives its light and heat from the sun, and, being 
an opaque sphere, only one-half of its surface can 
be lighted at one time. The other half is in dark- 
ness, since it is turned from the sun toward por- 
tions of apace where it only receives the dim light 
of the fixed stars. The boundary-line between the 
light and dark parts forms approximately a great 
circle called the Great Circle o/Illumiuaiion. Had 



the earth no motion either on its axis or in its 
orbit, that part of its surface turned toward the 
sun would have perpetual day, and tlie other part 
perpetual night ; but by rotation different portions 
of the surluce are turned successively toward and 
away from the sun, and thus is occasioned the 
change of dat/ and ntgkt. 

24. TheRerolutionoftheEarth.— Theearthhns 
also a motion around the sun, called its revolution. 

The revolution of the earth is from uiegt to east; 
this is also true of all the planets and asteroids, 
and of all their satellites, except those of Uranne, 
and prol>abIy of Neptune. 

The phrases "rotation of the earth on ita axis" and 
"revolution in its orbit" arc often used in reference to 
the earth's motion ; but the simple words " rotation " and 
"revolution" are sufficient, since the first refeis only to 
the motion on its axis, and the second only to the motion 
in Ita orbit. 

The earth makes a complete revolution in 365 
days 6 hours 9 minutes 9.6 seconds. This time 
forms what is called a eidereal year. The tropical 
year, or the time from one March equinox to the 
next, is somewhat shorter, or 365 days 5 hours 48 
minutes 49.7 seconds. The latter value is the one 
generally pven for the length of the year. It is 
nearly 3651 days. 

tt will be fatirid that the earn at the days in all the 
months of an ordinary year is only i'(|Uh1 to 36.'), wh ile the 
true length is approximately one-quarlvr of a day ftrcBt«r. 
This deficiency, which in every four years amounts to an 
entire day, is met by adding one day to February in every 
fourth or leap year. The eiact time of one revolution, 
however, ia some 11 minutes less than 6 hours. Theae 
eleven extra minutes are taken from the future, and u« 
paid by omitting leap year every hundredth year, except 
that every 400 yearn leap year is counted. In other wunU, 
1900 will not be a leap year, since it is not divisible by 400, 
but the year 2000 will be a leap year. 

The length of the orbit of the earth is about 
577,000,000 miles. Ite shape is that of an el- 
lipse which differs but little from a circle. The 
sun is placed at one focus of the elli[>se, and, as 
this is not in the centre of the orbit, the earth 
must be nearer the sun at some parts of its revo- 
lution than at others. 

When the earth is in that part of its orbit which is near- 

that part Ihrthcst from the sun. at its aphelion. The peri- 
helion distance is about 9O,-i5S.000 miles; the aphelion dis- 
tance, tn,T.V),000 miles. The earth r*achM iu jwrihcliou 
about January 1st. 

The earth does not move with the same rapidity through 
all partsof ita orbit, but travels more rapidly in jierihelion 

second, which is nearly sixty times faster than the speed 
of a oinnon-Uai. 
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85. Laplace's Nebular Hjrpothesie.— The aniformity 
in the direction of rotation and revolution of the planets 
has led to a very plausible supposition as to the origin of 
the solar system, by the celebrated French astronomer La- 
place. This supposition, known as LapUut'n n^tdat Ay- 
iwtiketif, assumes that, originally, all the materials of which 
the solar system is composed were scattered throughout 
■pace in the form of very tenuous or nebulous matter. It 
being granted that this matter began to accumulate around 
a centre, and that a motion of rotation was thereby ac- 
quired, it can be shown, on strict mechanical principles, 
that a system resembling the solar system might be evolved. 

As the mass contracted on cooling, the rapidity of its 
rotation increased. The equatorial portions bulged out 
through the centrifugal force, until ring-like portions 
separated, and, collecting in spherical masses, formed the 
planets. The planets in a similar manner detached their 
■atellites. At the time of the separation of Neptune the 
nebulous sun must have extended beyond the orbit of this 
planet. The temperature requisite for so great an expan* 
•ion must have been enormous. 

Although a mere hypothesis, there are many (acts which 
tend to sustain it, and it is now generally accepted. 

26. The Plane of the Earth's Orbit is a per- 
fectly flat surface so placed as to touch the earth's 
orbit at every point. It may be regarded as an 
imaginary plane of enormous extent on which the 
earth moves in its journey around the sun. 

27. Causes of the Change of Seasons.— The 
change of the earth's seasons is caused by the 
revolution of the earth, together with the fol- 
lowing circumstances: 




Fig. 14. Inclination of Axis to Orbit and Eoliptia 

(1.) The inclination of the earth's axis to the 
plane of its orbit. The inclination is equal to 
66^ 33'. 

The eeltplte is the name given to a great circle whose 
plane coincides with the plane of the earth's orbit. Since 
the earth's axis is 90° distant from the equator, the plane 
of the ecliptic muHt be inclined to the plane of the equator 
90** minus 66*» 33', or 23° 27'. 

The mere revolution of the earth would be unable to 
produce a change of soa.son.s, unless the earth's axis were 
inclined to the plane of its orbit. If, for example, the 
axis of the earth stood perpendicularly on the plane of its 
orbit, the nun's rays would so ilkimine the earth that the 
great circle of illumination would always be bounded by 
some meridian circle. The days and nights would then 
be of equal length, and the distribution of heat the same 
throughout the year. Under these circumstances there 
oould be no change of seasons, since the sun's rays would 



always fall perpendicularly on the same part of the earth : 
on the equator. 

(2.) The Constant Parallelism of the Earth's 
Axis. — During the earth's revolution its axis 
always points nearly to the same place in the 
heavens, viz. to the north star. It is therefore 
always approximately parallel to any former 
position. 

Unless the axis were constantly parallel to any former 
position, the present change of seasons would not occur. 

On account of the spherical form of the earth, 
only a small part of its surface can receive the 
vertical rays of the sun at the same time. This 
part can be regarded as nearly a point ; and since 
only one-half of the earth is lighted at any one 
time, the great circle of illumination must extend 
90^ in all directions from the point which receives 
the vertical rays. By rotation all portions of 
the surface situated anywhere within the tropics 
in the same latitude, at some time or another 
during the day, are turned so as to receive the 
vertical rays of the sun, and consequently, the 
portion so illumined has the form of a ring or 
zone. Other things being equal, this zone con- 
tains the hottest portions of the surface, the heat 
gradually diminishing as we pass toward either 
pole. 

On account of the inclination of its axis, the 
earth receives the vertical rays of the sun on new 
portions of its surface every day during its revo- 
lution ; and ii is because different portions of the 
surface are constantly being turned toward the sun 
thai the change of seasons is to be attrUmted, 

As the earth changes its position in its orbit, the 
sun's rays fall vertically on different parts of the 
surface, so that during the year one part or an- 
other of the surface within 23® 27' on either side 
of the equator receives the vertical rays. 

The astronomical year begins on the 20th 
of March, and we shall therefore first consider 
the position of the earth in its orbit at that 
time. 

An inspection of Fig. 15 will show that at this 
time the earth is so turned toward the sun that 
the vertical rays fall exactly on the equator. The 
great circle of illumination, therefore, reaches to 
the poles, and the days and nights are of an equal 
length all over the earth. This time is called the 
March equinox. Spring then begins in the North- 
ern Hemispherey and autumn in the Southern. 
This is shown more clearly in Fig. 16, which 
represents the relative positions of the illumined 
and non-illumined portions at that time. 
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As the earth proceeds in its orbit, the inclina- 
tion of the axis causes it to turn the Northern 
Hemisphere more and more toward the sun. The 
vertieal rays, therefore, fall on portions itirther 
and farther north until, on the 3ia of June, the 




vertieal rays reach their farihe«t northern limit, 
and faU directly on the Tropic of Cancer, 23" 27' 
M., when the sun ia said to be at its summer »ol- 
tiice. 

Since the portions rec«ving the vertical rays 
of the sun are now on the Tropic of CaiK-er, 



the light and heat must extend in the Northern 
Hemisphere to 23° 27' beyond the north pole, or 
to the Arctic Circle ; while in the Southern Hemi- 
sphere they must fall short of the south pole \»j 
the same number of degrees, or reach to the Ant- 
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Tlie Northern IIemi»phere then be- 
, and the Southern it" u-iuter. 
The relative positions of the illumined and 
non-illumined [(ortionn of the wirtli at the sum- 
mer solstice are more eloftrly shown in Fig. 17. 
Here, as is shown, the great circle of iUumioAJifii^ 



extends in the Northern Hemisphere aa fiir over 
the pole as the Arctic Circle. 

A&et the 21st of June the Northern Hemi- 
sphere is turned less toward the sun, and the 
vertical rays continually approach the equator, 
all the movements of the preceding season being 
reversed, until on Uu 32d of September, the time 
of the September etpiinox, the equator again reeeivet 
iJie vertical rays, the great circle of illumination 
again coinciding with the meridian circles. The 
earth has now moved from one equinox to an- 
other, and has traversed one-half of its orbit. 
The Southern Hemisphere then hegina its spring, 
the Northern it« autumn. 

From tlie 22d of .September until the 20th of 
March, while the earth moves through the other 
half of its orbit, the same phenomena occur in 
the Southern Hemisphere that have already been 
noticed in the Northern. Immediately after the 
22d of September the inclination of the axis 
causes the earth to be so turned toward the sun 
that its rays l)egin to fall south of the equator ; 
and, as the earth proceeds in its orbit, the South- 
em Hemisphere is turned more and more toward 
the sun, and the vertical rays fall farther and 
farther toward the pole. This continues until 
the Sltl of December, when the rays fall vertically 
(m the Tropic of Capricorn, and the December eol- 
giice is reached. The great circle of illumination 
now extends beyond tiie south pole as far as the 
Antarctic Circle, but falls short of the north pole 
23° 27', reaching only the Arctic Circle. Sum- 
mer then commences in the Southern Hemisphere, 
and winter in tlie Northern. 

After the 2 1st of December the Southern 
Hemiapliere h turned less and less toward the 




Fig. 18. Hithemallcal Glimitic Zones. 

Bun, and the )iiirt rt'coivinf: tho vertical : 
approachfi? tlic cqimttir, until on tlie 20th 



March the equator again receives the vertical 
rays, and, with the March equinox, spring com- 
mences in the Northern Hemisphere, and with 
it a new astronomical yeqr. 

The eqninoxee and solstices u > mle occar OD tbe dates 
nmmed. Ocosioiiklly the; occnr immediaUl; before or 
after said datM. 

28. Hathematioal Zone*. — The Torrid Zone. — 
That belt of the earth's sur&ce which lies be- 
tween the tropics is called the Torrid Zone. 
During one time or another throughout the 
year every part of its surface receives the ver- 
tical rays of the sun. 

The Temperate Zones are included between the 
tropics and the polar circles. Tbe northern zone 
is called the North Temperate Zone, and the south* 
em zone, the South Temperate Zone. 

The Polar Zones are included between the 
polar circles and the polea. The northern zone 
is called the North Frigid Zone, and tbe southern 
zone, the South Frigid Zone. 

These sones, which are eepaiated by the parallels of lati- 
tude, are generally termed tbe aitrmtmieal or maUiematiutl 
vmii to distlnguisb them f>am others called pk|F«cat Bxta, 
which are bomided by the lines of mean annnal temper- 
It will be noticed that tbe distance of the tropics from 
the equator and of the polar circles fmia the poles is 33° 
S7', or the value of tbe incliaatioD of the plane of tbe 
ecliptic lo the plane of the equator. 

S9. Length of Day and Night— Whenever 
more than half of either the Northern or South- 
em Hemisphere ia illumined, the great circle of 
illumination will divide the parallels unequally, 
and the length of the daylight in that hemisphere 
will exceed that of the night in proportion aa the 
length of the illumined part, measured along any 
of the parallels, exceeds that of the dark part. 

The length of daylight or darkness may exceed 
that of one complete rotation of the earth. The 
great circle of illumination may at times pass 
over the poles as fur l>eyond them as 23° 27'; 
and places situated wilhin this limit may remain 
during manj- rotations exposed to the rays of the 
sun. 

A little consideration will show that (he longest day 
must occur at the poles, since the poles must continue 
to receive the sun's raj-a from the time they are first illu- 
mined at oue equinox until the snn )>asscs through a sol- 
stice and n'lnrns to the other equinox. Nowhere, outside 
the polar cln^les. will Ihe length of daylight exceed one 
entire rotation of the earth. 

The Icnph of the longest day at the equator, latitude 
0°, is 1-* hours. 

Of the longest day at the polea, latitude 'M°, is sue 
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SYLLABUS. 



■♦Or©>0«- 



There are three kinds of geography — Mathematical, Po- 
litical, and Physical. 

Physical Geography treats of Land, Water, Air, Plants, 
and Animals. 

Qeography deals mainly with the earth as it is ; geology 
mainly with the earth as it was. 

The earth continues its motion around the sun in conse- 
quence of its inertia. 

The distant 8t«rs are balls of fire like our sun, and prob- 
ably have worlds resembling ours revolving around them. 

The sun and the bodies that revolve around it consti- 
tute the solar system. 

The sun is about 1,300,000 times larger than the earth. 

The sun is a body heated to luminosity, and gives out or 
emits light and heat like any other highly-heated body. 

The shape of the earth is that of an oblate spheroid 
whose equatorial diameter is about 26 miles longer than 
its polar. That the earth is round and not flat is proved 
— 1st, by the appearance of approaching or receding ob- 
jects ; 2d, by the circular shape of the horizon ; 3d, by the 
circular shape of the earth's shadow ; 4th, by actual meas- 
urement ; and 5th, by the shape of the great circle . of 
illumination. 

The earth's diameter is nearly 8000 miles, its circuinfer- 
ence not quite 25,000 miles, and its area about 1Q7,000,000 
square miles. 

The imaginary circles used in geography are the Equa- 
tor, the Meridian Circles, and the Parallels. 

Latitude is measured on the meridians by the parallels. 



The greatest number of degrees of latitude a place can 
have is 90'' ; the greatest of longitude, 180°. The latitude 
at the equator is 0° N. or S. The longitude at the poles or 
on the prime meridian is 0^ E. or W. 

Longitude is measured on the equator, or on the parallels^ 
by the meridians. 

Maps are drawn on different projections : the Equatorial, 
the Polar, and Mercator's prqjections are in most general 
use. A Mercator*s projection causes places near the poles 
to appear larger than they really are. 

On all maps due north and south lies along the merid- 
ians ; due east and west, along the parallels : when these 
are curved lines, the top and bottom of the map will not 
always represent north and south, nor the right and left 
hand east and west. 

The inclination of the earth's axis to the plane of its 
orbit, and the constant parallelism of the axis with any 
former position, together with the revolution around the 
sun, cai}se the change of seasons. 

The astronomical year begins March 20th. 

On the 20th of March and on the 22d of September the 
days and nights are of equal length all over the earth. 
From the 20th of March the days increase in length in the 
Northern Hemisphere until the 21st of June, when they 
attain their greatest length ; they then decrease until the 
22d of September, when they again become equal. 

The Torrid Zone is the hottest part of the earth, because, 
during one time or another throughout the year, every part 
of its surface receives the vertical rays of the sun. 
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The Solar Systam. 

How does the principle of inertia apply to the earth's 
motion around the sun? 

What do you understand by the solar system? 

Describe the earth's position in the solar system. Which 
of the planets are between the earth and the sun ? Which 
are beyond the orbit of the earth ? 

How does the size of the sun compare with that of the 
earth? 

Are any of the distant stars larger than our sun? 

What is a satellite? Which of the planets have satellites? 

Explain the cause of the circular shape of the earth's 
orbit. 

In what part of space is the solar system ? 

Has our sun any motion through space? 

Enumerate the proofe of the rotundity of the earth. 

State accurately the length of the equatorial diameter 
of the earth ; of its polar diameter ; of its circumference. 
What is its area ? 

How many times heavier is the earth than an equally 
large globe of water? 

Imaginary Circles. 

Define great and small circles. Name the circles most 
commonly used in geography. 

What do you understand by latitude ? How is latitude 
reckoned ? Of what use is latitude in geography ? Why 



can the value of the latitude never exceed 90°? Of what 
use are meridians and parallels in measuring latitude? 

What do you understand by longitude? How is longi- 
tude reckoned? Of what use is longitude in geography? 
Why can its value never exceed 180° ? Of what use are 
meridians and parallels in measuring longitude? 

Where is the value of a degree of latitude the greatest? 
Of a degree of longitude ? Why ? 

What effect has a Mcrcator's chart on the appearance of 
bodies of land or water in high northern or southern lati- 
tudes? 

What is an equatorial projection? A polar projection? 
A conical projection? What is the position of the poles in 
an equatorial projection ? In a polar projection ? 

MovementB of the Earth. 

Prove that the earth turns on its axis from west to east. 

Explain the cause of the change of day and night. 

Define a sidereal year; a tropical year. Which value is 
generally taken for the length of the civil year? 

Describe Laplace's nebular hypothesis. 

Eaumerate the causes which produce the change of 
seasons. 

On what days of the year will the sun's rays fall verti- 
cally on the equator? On what days will its rays fall ver- 
tically on the Tropic of Cancer? On the Tropic of Capri- 
corn? 




Part II. 

THE LAND. 




A1.THOUGH water occupies much the lar^r portion of the earth's suriace. yet, when compared with 
tbe entire volume of the globe, its quantity is comparatively iosignificant ; for the mean depth of the 
ocean prob^ly does not exceed two and one-third miles, and underneath this lies the solid cnut, 
with its heated interior. 

The cruet and heal^ interior are compoaed of a variety of simple and compound Bubetances. Simple 
or elementary sufaatances are those which have never been separated into components. Compound 
Bibetances are thoee which are composed of two or more simple or elementary Bubetancee combined 
wider the influence of the chemical force. 



Section I. 

THE INSIDE OF THE EARTH. 



CHAPTER I. 

The Heated Interior. 

30. The Proob of the Earth'! Ori^nal Fluidity 
or fiised condition throuifb heat are — 

(1.) lit Spherical Shape, which h the shape 
the earth would have taken had it bei'n placed 
in ipace when in a melted ondition. Tliis i^ 
the shape of nearly all the heavenly bodies. 



(2.) The &ct that the rocks which wen flnt 
formed give evidence by their appearance of 
havin;: been preatly healed. These rocks are 
generally highly crystalline, 

(8.') The general climate of the earth during 
the geological past was nmch wanner than at 
present. 

Voiy litllF <ir thF iatomal heat now nkche* the tnffkra. 
.tcmrdinj! to PoisMn. all thai escapw vronld raise the lo«u 
mnnual leaipcraturv oul; ^V't' ■>' ■ degree E^hr. 
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81. Laplace's Nebular Hypothesis agrees very well 
with the idea of a former igneons fluidity, since, at the 
time of its separation from the nebulous sun, the earth 
must have had a temperature sufficient not only to fuse, 
but even to volatilize, most of its constituents. 

32. ProoflB of a Present Heated Interior. — The 

following considerations show that the inside of 
the earth is still highly heated: 

(1.) The deeper we penetrate the crust, the 
higher the temperature becomes. Moreover, the 
rate of increase, though varying in different lo- 
calities with the character of the materials of the 
crust, is nearly uniform over all parts of the sur- 
face, the average value of the increase being 1^ 
Fahr. far every 55 feet of descent. 

This would seem to indicate that the entire 
inside of the earth is heated, and that the heat 
increases as we go toward the centre. 

We cannot, however, estimate the thickness of the crust 
ftom, this fact — 

1. Because we have never penetrated the crust more 
than a few thousand feet below the level of the sea, and 
therefore we do not know that this rate of increase of 
temperature continues the same: 

2. Even if it did continue uniform, since the melting- 
point of solids increases with the pressure, we do not 
know what allowance should be made for this increase. 

(2.) In all latitudes prodigious quantities of 
melted rock escape from the interior through 
the craters of volcanoes. The interior, there- 
fore, must be hot enough to melt rock. 

33. Condition of the Interior. — ^We do not 
know the condition of the material which fills 
the interior of the earth. It might be supposed, 
since rock escapes from the craters of volca- 
noes in a fluid or molten condition, that the in- 
terior is filled with molten matter; but this is 
not necessarily so, since the enormous pressure 
to which the interior is subjected would prob- 
ably be sufilicient to compress it into a viscous 
or pasty mass, or, possibly, even to render it solid. 
The lava which issues from the crater of a vol- 
cano is necessarily more mobile than the interior 
of the earth ; for, coming, as it does, from great 
depths, it must grow more and more liquid as it 
approaches the surface and is thus relieved of its 
pressure. Indeed, the most viscous rock conceiv- 
able, if highly heated when ejected from pro- 
found depths, would become comparatively fluid 
on reaching the surface. 

34. Views Concerning the Condition of the 
Interior. — Considerable difference of opinion ex- 
ists as to the exact condition of the interior of 
the earth. The following opinions may be men- 
tioned : 



(1.) That the earth has a solid centre and 
crust, with a heated or pasty layer between. 

(2.) That the crust is solid, but the interior 
highly heated, so as to be in a fused or pasty 
condition. 

(3.) That the earth is solid throughout, but 
highly heated in the interior. 

Of the above views, the second is perhaps the 
most tenable, and will be adopted as serving in 
the simplest manner to explain the phenomena 
of the earth arising from the presence of a highly 
heated interior. Admitting the crust to be suf- 
ficiently thin, and in such a condition as to per- 
mit of but a small degree of warping, then all 
the phenomena can be satisfactorily explained. 

35. Thickness of the Crust. — We cannot as- 
sign a definite limit to the thickness of the crust, 
since the portions that are solid from having 
cooled, most probably pass insensibly into those 
that are nearly solid from the combined influence 
of loss of heat and increasing pressure. It seems 
probable that the portion solidified by cooling is 
thin, when compared with the whole bulk of the 
earth; in other words, the heated interior lies 
comparatively near the surface. 

36. Effects of the Heated Interior. — As the 
crust loses its heat it shrinks or contracts, and, 
growing smaller, the materials of the interior are 
crowded into a smaller space, and an enormous 
force is thus exerted, both on the interior and on 
the crust itself, tending either to change the shape 
of the crust, to break it, or to force out some of 
the interior. The following phenomena are there- 
fore caused by the contraction of the crust : 

(1.) Volcanoes; 
(2.) Earthquakes; 
(3.) Non- volcanic igneous eruptions ; 
(4.) Gradual elevations or subsidences of the 
crust. 

oo^^Co** 
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CHAPTER II. 

Volcanoes. 

37. Volcanoes. — One of the most striking proofs 
of the existence of a heated interior is the ejection 
of enormous quantities of melted rock through 
openings in the crust. 

A volcano is a mountain, or other elevation, 
through which the materials of the interior escape 
to the surface. The opening is called the crater^ 
and may be either on the top or on the sides of 
the mountain. 
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40. The Inclination of the Slopes of the Tol- 
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AJice and einden form steeper coues, whose 
inclinations range &om 30° to 46°. 




Fig. 31. AibOoaa. InsUaitlon fnm 30° to 46°. 

Tlie sides of volcanic cones are often rent dur- 
ing tlie eruption, and the fissures filled with lava, 
which hardens and forma rocky ribs called difkes. 
Sometimes the central cone becomes choked, and 
secondary or pamsitic cones are formed. 




Fig. 32. Tolouiia Djkn ud FuultlD Oaaa. 

41 The Cause of Volcanic Eruptions. — Aa the 
heated earth cools and the crust contracts, the ma- 
terials of the interior are crowded into a smaller 
space, and an enormous force ia exerted, which 
causes portions of the interior to rise from profound 
depths and escape through openings in the crusL 
TheM openings form the craters of volcanoes. 

The principal agency, therefore, which brings 
op tlie heated material from great depths is Uia 
eontraclion of the erud on cooling. The melted 
rock thus brought into the volcano may escape — 

(1.) By the pressure of highly-heated gaiet or 
vapors, mainly that of water, which throws the 
lava explosively from the crater, 

(2.) By the pressure exerted by a eolninn of 
liqnid lava. Before the lava can run over the 
edge of the crater near the top of the mountain, 
the pressure caused by its weight becomes so great 
that the sides of the mountain are broken, and 
the lava escapes quietly from a lower opening. 

43. Other Bxplatiatlona of Volc&nlc Action. — The 
mbove theory of volcsnic actioD is Dot accepted by ill scl- 
entiite. Inal^ad of aa oriitinally boated filobe tbat haa 
not yet completely cooled, it fa a«ertcd by some that heat 
ia now being produced either by some cbemieal means, 
such as oxidation or hydration, or by a mechanical crush- 
iuRof deep-teated itnla. These explanatlonaanume tbat 
the seat of the lava is not the entira interior of the earth, 
bat that it is pun^ly local, existing in conpantlvely ahal- 



low basins or reservoirs not Ux from the anrface. The 
peculiarities of diatribution of volcanoes wonld appear lo 
disprove the latter assamption. 

43. Voloanic Emptiona may be divided into 
two classes: explosive and non-ex plosive. 

Explosive emptiona are caused by the sudden 
formation of highly-heated vapors. 

In boiling water, drops are thrown from the 
surface by the bursting of bubbles of steam. 
This action is similar to tbat of explosive vol- 
canic eruptions. When the liquid is viscous, 
like tar, the escaping vapor accuiiiulatea in large 
bubbles, the bursting of which scatters the mate- 
rial in all directions. 

On account of the Rreat viscidity of some lavas, the 
evolved gasea accumulate until considerable force is ac- 
quired. At Kitauca. liquid Jpla are thrown apward to the 
height of 40 feet. With viTy viscid lavas, like those of 
Vesuvius, bnbbliii of enormous size am suddenly formed, 
which burst with almost iDcrediblo force. Ouea are on 
record in which it is estimated the ashes were projected 
10,000 feet above the mouth of the crater. 

Non-exploaive emptiDni are caused by the 
pressure of a column of liquid lava. 

In non-explosive eruptions the lava escapes 
quietly through a fissure which opens in the 
mountain's side by the pressure exerted by the 
column of liquid iava in the crater. 

Since a column of lava QOO feet high exerts a pressure 
of about 635 pounds to the square inch, when the moun- 
tain i9 high the prcssuTe aKaiust the sides of the crater 
may be safflcient t« rend the solid rock. 

Vesuvius is an examplt^ of an explosive eruption ; Kila- 
nea and Etna, of non -explosive ernptioua. 

Volcanic mountains who^ eruptions are non< 
explosive are generally high; the Java ean thus 
accumulate in the crater until it forces its way 
through fissures below. Volcanic mountains whose 
eruptious are explosive are generally low. 

Volcanoes are of common occurrence at the 
bottom of the ocean. These are called tnibmaritie 
voleanoeg. During eruptions their cones some* 
times project above the water; but they gene- 
rally soon afterward disappear. 

44, Active and Extinct Volcaooei. — Volcanoes 
may be classified as active and extinct. 

Active Volcanoes are those which emit smoke, 
vapor, ashes, or lava from the crater. 

By an active volcano we do not mean one that ia con- 
tinually in a state of eruption— ejecting ashea and lava — 
but one from which at least smoke or vapor is escaping. 
The crater may at any time become permanently choked, 
when the volcano becomes eztinei. It may, however, open 
at any time, after exteudi-d iutervala of rvst, when the 
volcano again becomes active. 
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45. The number of volcanoes is not accurately 
known. The best authorities estimate it at about 
672, of which 270 are active. Of the latter, 175 
are on islands, and 95 are on the coasts of the conr 
Hnents. 

46. Regions of Volcanoes. — ^The principal vol- 
canic regions of the earth are — * 

(l.J Along the Shores of the Pacific, where an 
immense chain of volcanoes, with but few breaks, 
encircles it in a huge "Sea oj Fire.'* 

On the Eastern Borders, in the Andean range, 
are the volcanic series of Chili, Bolivia, and Ecua- 
dor ; those of Central America and Mexico ; in 
the United States are the Heries of the Sierra 
Kevada and Cascade ranges and of Alaska ; • and 
finally, connecting the system with Asia, the vol- 
canic group of the Aleutian Islands. 

On the Western Borders volcanoes occur in the 
following districts : the Kamtchatkan Peninsula, 
with its submerged ranges of the Kurile Islands ; 
the Japan, the Loo Choo, and the Philippine 
Islands; the Moluccas; the Australasian Island 
Chain, terminating in New Zealand ; and finally, 
nearly in a line with these, the volcanoes of Ere- 
bus and Terror on the Antarctic continent. 

(2.) In the Islands of the Pacific. — Volcanic 
activity is not wanting over the bed of the Pa- 
cific. The Sandwich Islands, the Society Group, 
the Marquesas, Friendly Islands, New Hebrides, 
Ladrones, and many others, are volcanic. 

(3.) Scattered over the Seas that divide the 
Vorthem and Southern Continents, or in their 
vicinity, viz. : in the neighborhood of the Carib- 
bean Sea, in the Mediterranean and Red Seas, 
and in the Pacific and Indian Oceans between 
Asia and Australia. 

In the neighborhood of the Caribbean Sea, — This 
region includes the two groups of the Antilles in 
the Caribbean Sea, and the Gallapagos Islands in 
the Pacific Ocean. 

In the neighborhood of the Mediterranean and 
Red Seas, — This region includes the volcanoes of 
the Mediterranean and its borders, those of Italy, 
Bicily, the Grecian Archipelago, of Spain, Central 
France, and Germany, together with those near 
the Caspian and Red Seas. 

Between Asia and Australia, — This region in- 
cludes the Sunda Islands, Sumatra, Java, Sum- 
bawa, Flores, and Timor, which contain numerous 
craters. In Java there are nearly 50 volcanoes, 

28 of which are active, and there are nearly as 

- — — ^ - - _ - 

* We follow mainlf the claAaiflcatioD of Dan*. 
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many in Sumatra. There are 109 volcanoes in 
the small blands near Borneo. 

(4.) In the Northern and Central Parts of the 
Atlantic Ocean. 

All the islands in the deep ocean which do not 
form a part of the continent are volcanic ; as, 
for example, the island of St. Helena, Ascension 
Island, the Cape Verdes, the Canaries, the Azores, 
and Iceland. The Cameroons Mountains, on tlie 
African coast near the Gulf of Guinea, together • 
with some of the islands in the gulf, are volcanic. 

(5.) In the Western and Central Parts of the 
Indian Ocean. 

Volcanoes are found in Madagascar and in the 
adjacent islands. They also occur farther south, 
in the island of St. Paul and in Kerguelen Land, 
and in Kilimandjaro, near the eastern coast of 
Africa. 

47. Submarine Volcanoes.— From the difficulty in ob- 
serving them, submarine volcanoes are not so well known 
as the others. The following regions are well marked : 

In the Mediterranean Sea, near Sicily and Greece. 

Near the island of Santorin the submarine volcanic en- 
ergy is intense. It has been aptly described as a region 
''Where isles seem to spring up like fungi in a wood.'' 

In the Atlantic Ocean ; off the coast of Iceland ; near 
St. Michael, in the Azores ; and over a region in the nar- 
rowest part of the ocean between Guinea and Brazil. 

In the PcMSlflc Ocean; near the Aleutian Islands, 
where two large mountain -masses have risen from the 
water within recent time. Near the Japan Islands, where, 
about twenty -one centuries ago, according to native hisr- 
torians, Fusi Yama, the highest mountain in Japan, rose 
from the sea in a single night. 

In the Indian Ocean, the island of St. Paul, in the 
deep ocean between Africa and Australia, exhibits signs 
of submarine activity. 

48. Peculiarities of Distribution. — Nearly all 
volcanoes are found near the shores of continents 
or on islands. 

The only exceptions are found in the region 
south of the Caspian Sea, and in that of the 
Thian Shan Mountains. As volcanoes are but 
openings in the earth's crust which permit an es- 
cape of materials from the pasty interior, they 
will occur only where the crust is weakest. This 
will be on the borders of sinking oceans, in the 
lines of fracture formed by the gradual separa- 
tion of the ocean's bed from the coasts of the 
continent. The floor of the ocean in all latitudes 
is covered with a layer of quite cold water, so 
that the difference in the amount of the contrac- 
tion will in general be most marked on the bor- 
ders of the oceans or on the edges of the conti- 
nents. 

In most regions the volcanoes lie alaust^ Vvc^ssfc. 
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more or lev AreighL Lines joining such a series 
may be considered ae huge craclu in the crust, 
the volcanic phenomena occurring in their weak- 
est places. 

The frequent occurrence of volcanoes in moun- 
tainous di^ricta ia caused by the crust being 
brokea and flexed, tto as to admit of an easy 
passage for the molten rock. 

Where one m/slem of Jwuree crosseg anotiier the 
' tmul becoma weak, the ope7iing» numeroMt, and the 
volcanic aetivity great. The two antipodal pointa 
of the Antilles and the Sunda Islands arc excel- 
lent examples, and are the most active volcanic 
regions on the earth. 

EffortH have bepu made to sbow some connection be- 
twe^u certaio Btitles or the weather and periudii of vol- 
caaic activity : but, ao far. thew have araaunteil to mere 
pmllctiona of coming cbanKei, baaed uo observations of 
tbe direction of npper currents of air from tbe clouda 
of aabea or smoke (^eclrd by tbe volcano. Ko law of 
periodicity of ornption baa. as yet, been discovered. 

49. Other Totcanic Phenomena : 

Hud Toloanoei arc sniall hillocks that emit 
Btrearaa of hot mud and witter from their craters, 
but never molten rock. They are found in vol- 
canic r^ions. 

Sol&taru arc places where sulphur vapors es- 
cape and form incrustations. They occur tn vol- 
canic regions. 

Oeyiers are sometimes ranked with volcanic phe- 
nomena. They are described under Hot Spring. 



CHAPTER III. 

Earthquakes. 

fiO. Earthquakes are ghakings of the earth's 
crust, of degrees varying in intensity from 
scarcely perceptible tremors to violent agita- 
tions that overthrow buildings and open huge 
fissures in the ground. They may therefore be 
divided into two classes: 

(1.) A shaking movement without any perma- 
nent change in the surface ; 

{2.) A shaking movement accompanying an 
uplift or subsidence. 

An earthquake is sometimes called a aeismie 
shock. 

61. Facts concerning Earthquakes. — A careful 
study of earthquakes appears to establish the fol- 
lowing facts : 

(1.) The place or origin of the shock is not 
d or far below the earth's surface, but 




Fig. 33. rUnru prodncwd by th> Obularton Eanlifiulis nf 188S. 
is near the surface, probably never deeper than 
thirty miles, and otlen much less. 

(2.) The area of diBtorbance depends not only 
on the energy of the shock, but also on the depth 
of its origin below the surface: the deeper the 
origin, the greater the area. 

(3.) The shape of the origin 'a generally that 
of a line, often many miles in length. 

(4.) The direction of the motion at the surface 
is nearly upward over the origin, and more in- 
clined as the distance from the origin increases. 

(5.) The ihape of the area of disturbance de- 
pends on the nature of the materials through 
which the wave is moving. If these are of 
nearly uniform elasticity in all directions, the 
area is nearly circular; if more elastic in one 
direction than in another, the area is irregular 
in shape. 

52. The Varieties of Earthqnake Motion at the 
Earth's Surface are— 

{1.) A wave-like motion, in which the ground 
rises and falls like waves in water. 

(2.) An upward motion, somewhat similar to 
that which follows an explosion of powder below 
the surface. This has been known to occur with 
sufficient force to throw heavy bodies considerable 
distances up into the air, 

(3.) A rotary motion, which, from its destruc- 
tive eflects, is fortunately of rare occurrence. 

Humboldt uientions an rarthtinake that happened in 
Chili where tbe ground was so shifted that three great 
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pttlm trees were twisted around one another like willow 
wands. 

There are two kinds of movement transmitted through 
the crust during earthquakes: these are the earthquake 
motion proper, and tke motion that produeee the aecompauffing 
Mtmiif. 



5S. The Telocity of Earthquake Motion varies 
.acoording to the intensUy of the shock and the na- 
ture, of the material through which it is trans- 
mitted. No average result can therefore be 
given. Various observers have estimated it at 
from 8 to 30 miles per minute. 

54. The Sounds Aecompanying Earthquakes 
vary both in kind and intensity. Sometimes 
they resemble the hissing noises heard when red- 
hot coals are thrown into water ; sometimes they 
are rumbling, but more frequently they are of 
greater intensity, and are then comparable to 
discharges of artillery or peals of thunder. 

The oonftised roaring and rattling are prohably caused 
by the different rates of transmission of the sound through 
the air and rocks. 

55. Ihiration of the Shocks. — When the area 
of disturbance is large, shocks of varying intensity 
generally follow each other at irregular intervals. 
Though, in general, the violence of the shock is 
soon passed, disturbances may occur at intervals 
of days, weeks, or even years. 

During the earthquake in Calabria in 1783, when nearly 
100,000 persons perished, the destructive vibrations lasted 
scarcely two minutes, but the tremblings of the crust con- 
tinued long afterward. During the earthquake at Lisbon 
in 1755, when about the same number perished, the shock 
which caused the greatest damage continued but five or 
six seconds, while a series of terrible movements followed 
one another at intervals during the space of five minutes. 

56. Cause of Earthquakes. — It is generally be- 
lieved that the principal cause of earthquakes is the 
force produced by the contraction of a cooling enut. 

During the cooling of the earth the crust con- 
tinually contractSy and the pressure so produced, 
slowly accumulating for years, at last rends it 
in vast fissures, thus producing those violent 
movements of its crust called earthquakes. If 
this theory be admitted — and it is a probable one 
— the earth's crust must every now and then be 
in such a strained condition that the slightest 
increase of force from within, or of diminished 
resistance from without, would disturb the con- 
ditions of equilibrium, and thus result in an 
earthquake. 

67. Strain Caused by Contraction consequent on 
coolsn^ is well exhibited in the so-called "Prince Bu- 
pert's Drops,'' which are made by allowing melted glass 
to fall in drops through cold water. The sudden cooling 



of the outside produces powerful forces, which tend to 
compress the drop; but, since these forces balance one 
another, no movement occurs until, by breaking off the 
long end of the drop, one set of forces is removed, when 
the others, no longer neutralized, tear the drop into almost 
countless pieces. 

Similar effects are produced by unequal contraction and 
expansion. Hot water poured into a tumbler will often 
crack it. The crackling sound of a stovepipe when sud- 
denly heated or cooled is a similar effect. 

58. Other Causes of Earthquakes. — Earth- 
quakes may also be occasioned by — 

(1.) The sudden evolution of gases or vapors 

from the pasty interior. 

This is probably the cause of many of the 
slight shocks that occur in the neighborhood of 
active volcanic regions. 

(2.) Shocks caused by foiling masses. 

Those who deny the existence of a pasty interior, en- 
deavor to explain the production of earthquakes by the 
shock caused by the occasional caving in of huge masses 
of rocks, in caverns hollowed out by the action of subter- 
ranean waters ; or by the gradual settling of the upturned 
strata in mountainous districts. There can be no doubt 
that even moderately severe shocks are caused by falling 
masses ; but such a force is utterly inadequate to produce 
a shock like that which destroyed Lisbon, when an area 
of nearly 7,500,000 square miles was shaken. 

59. Periodieity of Earthquakes. — ^It was for- 
merly believed that earthquakes occurred with- 
out any regularity, but by a comparison of the 
times of occurrence of a great number it has been 
discovered that they occur more frequently — 

(1.) In winter than in summer ; 

(2.) At night than during the day ; 

(3.) During the new and full moon, when the 
attractive force of the sun and moon acts simul- 
taneously on the same parts of the earth. 

Earthquake shocks are more frequent in winter, 
and during the night, because the cooling, and 
consequent contraction, occur more rapidly at 
these times, and therefore the gradually accumu- 
lating force is more apt to acquire sufficient inten- 
sity to rend the solid crust. 

Earthquakes are more frequent during new 
and full moon, because the increased force on 
the earth's crust caused by the position of the 
sun and moon at these times, is then added to 
the accumulated force produced by cooling. 

It has been asserted that in the equatorial regions earth- 
quakes are especially frequent during the setting in of 
periodical winds called the monsoons, at the change of 
the rainy season or during the prevalence of hurricanes. 
These facts, however, are not well established. 

60. Distribution of Earthquakes. — Earth- 
quakes may occur in any part of the worlds hat 




are most frequent in volcanic districts. They are 
more frequent in mountainous than in flat coun- 
tries. They are especially frequent in the high- 
est mountains. According to Huxley, lairly pro- 
nounced earthquake shocks occur in some part of 
the earth at least three times a week. 

There is, in nuDj inatsDcca, >a undoabled connection 
between volcanic eruptiODS Bud earthquakes. Humboldt 
relates that duriug the earthquake at Biobamba, when 
some 40,000 persons perished, the volcano of Paslo ceased 
(0 emit its vapor at the exact time the earthquake began. 
The same Is related or Vesuvius at the time of the earth- 
qoake at Liabon. 

6L Phenomena of Bartbquakee.— In order to give 
iome ideo of the phenomena by which severe earthqnake 
shocks are atteiideil, we append a brief description of the 
earthquake which destroyed the city of Lisbon, on the Ist 
of November, 175."i, The loaa of life on this occasion Was 
the more severe, since the shock occurred on a holy day, 
when nearly the whole population was assembled In the 
churches. A sound like thunder was beard, aud, almost 
immediately afterward, a scries of violent shocks threw 
down nearly every building in the city. Many who kb- 
eaped the falling buildings perished in the Bres that soon 
kindled, or were murdered by lawless bauds that after- 
ward pillaged the city. 

The ground rose and fell like the waves of the sea; huge 
cbaams were opened, into which many of the buildings 
were precipitated. In the ocean a huge wave, over 50 feet 
high, was formed, which, retreatiUK for a moment, left the 
bar dry, and then rushed toward the laud with frightful 
force. This was repeated several times, and thousands 
perished from this cause alone. The neighboring moun- 
tains, though quite large, were shaken like reeds, and 
were rent and split in a wonderful manner. 

This earthquake was especially remarkable for the im- 
mense area over which the ahock extended. It reached 
as far north as Sweden. Solid mountain -ranges — as, for 
example, the Pyrenees and the Alps — were severely shaken. 
A deep fissure was opened in France. On the south, the 
earthquake waves crossed the Mediterranean and destroyed 
a number of villages in the Barbary States. On the west, 
the waves traversed the bed of the Atlantic, and caused 
nuusually high tides in the West Indies. In Xorth Amer- 
ica the movements were felt as far west as the Great Lakes. 
Feebler oscillations of the ground occurred at intervals for 
several weeks after the main shock. 

63. ITon-volcanic Igneoui Eruptions. — Tn re- 

p'ons remote from volcanoes, melted rock has 
been forced up from the interior through fissures 
in the rocks of nearly all geological formations. 
On cooling, the mass forma what is called a di/ice. 
Dykes vary in width from a few inches to several 
yards. They are generally much harder than the 
rocks through which they were forced, and, being 
less subject to erosion, often project considerably 
above the general surface. 

From their mode of formation, dykes are gen- 
erally without traces of stratification, but by cool- 
^jng a series of transverse fractures are sometimes 



produced. The dykes thus obtain the appearanos 
of a series of columns, called baeaUic columns. 

Igneous rocks S( this description are found in 
all parte of the continents, but are especially com- 
mon near the borders of mountwnous districts. 
Fingal's Cave, in Scotland, is a noted example 
of basaltic columns. 




Fig. 34. Busltic ODlnmm, Flagal'i Oais, Bootlud. 

63. Gradual EleTatloni and Subiidences. — Be- 
sides the sudden changes of level produced by 
earthquakes, there are others that take place 
slmcly, but continuoxisly, by which large portions 
of the surface are rahed or lowered from their 
former positions. The rate of movement is very 
alow — probably never exceeding a few feet in a 
century. The following examples are the most 
noted: 

The Scandinavian peninsula (Norway and Swe- 
den) is slowly riging in the north and innking in 
the )!Outh. 

The southern part of the coast of Greenland is 
sinking. 

The North American coast, from Labrador to 
New Jersey, is rising. 

The Andes Mountains, especially near Chili, 
are gradually rising. 

The Pacific Ocean, near the centre, is sinking 
over an area of more than 6000 miles. 

The cause of these movements is to be traced 
to the warping action caused by gradual eontrae- 
lion of a cooling crust. 
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The earth was orij^Dally melted throoghout. It after- 
ward cooled on the surface and formed a crust. The earth's 
original fluidity is rendered probahle — 

(1.) By the spherical shape of the earth ; 

(2.) By the crystalline rocks underlying all others; 
and 

(3.) By the greater heat of the earth during geological 
time. 

The interior is still in a highly-heated condition. This 
Is proved — 1st. By the increased heat of the crust as we go 
helow the snrfSace ; 2d. By the escape of lava from volca- 
noes in all latitudes. 

The following opinions are held concerning the condi- 
tion of the interior of the earth : 

(1.) That the earth has a solid centre and crust, with a 
heated layer between. 

(2.) That the earth has a solid crust only, and an inte- 
rior sufficiently heated to be in a fused or in a pasty con- 
dition. 

(3.) That the earth is solid throughout, but highly 
heated in the interior. 

The thickness of the crust is not known. It is probable 
that the portions solidified by cooling pass insensibly into 
those that are nearly solid from the combined influence 
of loss of heat and increasing pressure. The heated 
interior, however, must lie comparatively near the sur- 
face. 

The efl^ects produced by the heated interior on the crust 
are — 1st. Volcanoes; 2d. Earthquakes; 3d. Non-volcanic 
igneous eruptions ; and 4th. Qradual elevations or subsi- 
dences. 

Volcanic mountains are of a variety of shapes. Near 
their craters the cone shape predominates, and serves to 
distinguish these mountains as a class. 

The ejected materials of volcanoes are — Ist. Melted rock 
or lava ; 2d. Ashes or cinders ; 3d. Vapors or gases. 

These materials are brought up from great depths into 
the volcanic mountain by the force produced by a contract- 
ing globe. They may escape from the crater — Ist. By the 
pressure of highly-heated vapors ; or, 2d. By the pressure 
of a column of melted lava. 

The inclination of the slopes of the volcanic cone de- 
ponds on the materials of which it is composed. Ash- 
cones are steeper than those formed of lava. 

Eruptions are of two kinds, explosive and non-explo- 
sive. 

High volcanic mountains are, as a rule, characterized by 
non-explosive eruptions. 

Volcanoes occur both on the surface of the land and on 
the bed of the ocean. 

Those on the land occur mainly near the borders of 
sinking oceans, where the crust is weakest. 

The principal volcanic districts of the world are — 1. 
Along the shores of the Paciflc ; 2. On the islands which 
are scattered over the Pacific; 3. Scattered over the seas 
which divide the northern and southern continents; 4. In 
the northern and central parts of the Atlantic Ocean ; 5. 
In the western and central parts of the Indian Ocean. 

The centres of volcanic activity are found in the An- 
tilles and in the Sunda Islands, where several lines of 
fhuiture cross each other. 



Subordinate volcanic phenomena are seen in — 1. Mad 
volcanoes; 2. Solfataras; 3. Geysers. 

Earthquakes are shakings of the earth's crust ; they may 
occur with or without a permanent displacement. 

The following £Eu:ts have been discovered as to earth- 
quakes: 

(1.) Their place of origin is not very deep-seated. 

(2.) The area of disturbance increases with the energy 
of the shock and the depth of the origin. 

(3.) The shape of the origin is that of a line, and not 
that of a point. 

(4.) The shape of the area of disturbance depends on 
the elasticity of the materials through which the shock 
moves. 

(5.) The earthquake motion travels through the earth 
as spherical waves which move outward in all directions 
fh)m the origin of the disturbance. 

The movement at the earth's surface may be — 1st. In 
the form of a gentle wave; 2d. An upward motion ; 3d. A 
rotary motion. 

The velocity with which the earthquake motion is trans- 
mitted varies with the intensity of the shock and the 
nature of the materials through which it is propagated. 

There are two distinct kinds of motion accompanying 
earthquake waves : the earthquake motion proper, and 
the motion producing the accompanying sounds. 

As a rule, the earthquake shocks which produce the 
greatest damage are uf but short duration, generally but 
a few seconds or minutes, slighter disturbances may fol- 
low the main shock at ». itervals of days, weeks, or even 
years. 

Earthquake shocks are more frequent — 1st. In winter 
than in summer; 2d. At night than during the day; 3d. 
During the time of new and full moon than at any other 
phase. 

Earthquakes are mainly caused by the gradually in- 
creasing force produced by the contraction of the crust. 

Earthquakes are also to be attributed to the forces which 
f)ject the molten matter from the craters of volcanoes. 

Slight earthquake shocks may be occasioned by the fall- 
ing in of masses of rock from the roofs of subterranean 
caverns, or by the settling of upturned strata. 

Earthquakes may occur in any part of the earth, but are 
most frequent in volcanic and in mountainous regions. 

Dykes are masses of rock formed by the gradual cooling 
of melted matter which has been forced up through fis- 
sures from the interior. 

Basaltic columns are formed by dykes. They owe their 
columnar structure to fractures produced on cooling. 

The crust of the earth is subject to gradual as well as to 
sudden changes of level. 

The ScandiL^vian peninsula is rising on the north and 
sinking on the south. 

The southern coast of Geeenland is sinking. 

The North American coast, from Labrador to New Jer- 
sey, is rising. 

The range of the Andes near Chili is rising. 

The bed of the Pacific in the neighborhood of the Poly- 
nesian island chain is sinking. 

These movements are caused by the contraction of a 
cooling crust. 
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REVIEW QUESTIONS. 



Tbs Hsutsd Interior. 

EDniaerate the proob that the interior of the e>Tth ii 
Mill Id a highl7-he«t«d cooditioD. 

, Name some circunutaDcea which reuder it probable that 
th« earth waa originally melted throughout. 

What ia the average rate or increase of temperature 
with deBcent beluw the surface? 

How can it be shown that the whole interior of the 
earth !■ filled with highly-heated matter? 

Why ia It BO dlfflcalt to assign > d«Anlt« limit to the 
thlckaess of the earth's crnatT 

Is the interior of the earth supposed to be io u fluid a 
oondltioD as that of the lava which escapes from a volcano T 

What four claaaeaof efiects are produced in the crust b; 
the he»t<d interior? 

What are volcanoes T What connection have the; with 
the interior of the earth T How do active volcanoes differ 
from those which are extinct? 

Explain the origin of the conical form of volcanic 



Which generally produces the more destractive eflecta, 
•diea or lava? WhyT 

Enumerate the materials which are ejected from the iD- 
larior of the earth through the craters of volcanoes. 

What is tufa? How is it formed f 

Which has the greater inclination, a lava-cone or an 
•ab-cone? 

Explain in Aill the manner in which the shrinkage, or 
Mmtraction of the earth on cooling, producea a pre«sai« 
both in the interior and in the cmst. 

By what forces are volcanic eruptions produced? 

Into what two classes may all volcanic eruptions be di- 
vided? How ate those of each class caused? 



Qive an example of each of these elasBM. 

What Is the highest volcano in the world? 

Dnder what five regions may all the voleanoe* In the 
world be arranged ? 

In what parts of the world are volcanoes most nnmer- 
oua? 

Why are volcanoes more numerons here than eleewherer 

Name some of the regions of submarine volcanoes. 

Why are all volcanoes found near the ecttU of the con- 
tinents or on islands? 

What are mud volcanoes? SolfatarasT 

Earth quakas. 
What are earthquakes? Into what two clasasB may they 
be divided ? 
Name some fhcta that hare been discovered about earth- 
Name three kinds of earthqnake motion. Which Is the 
most dangerous ? 
Describe the sounds which accompany earthquakes. 
What is themain causeof earthquakes? Towhatother 
causes may they be attributed? 

What facts have been discovered respecting the period- 
icity of earthquake*? 

Give a short description of the earthqnake which de- 
■troyed the city of Lisbon. 
Are any portions of the earth tne fnm earthquake 

In what parte of the earth are earthquake shocks most 
frequent ? 

What are dykes? How were they formed? 

Enumerate some of the gradual changes of level wkleh 
are now occurring in the crust of the earth. By what an 
these changes caosed ? 



MAP QUESTIONS. 



Trace on the map the five principal volcanic districts of 
the earth. 

Which contains the greater number of volcanoes, the 
Atlantic or the Pacific shores of the continents? 

Does the eastern or the west«rn border of the Indian 
Ocean contain the greater number of volcanoes? 

Name the principal volcanic islands of the Atlantic. 
Of the Indian. Of the Pacific. 

Locate the following volcanoes: Hecia, Pico, Kilanea, 
Sarmlenio, LluUayacu, Efnnont, Cosiguina. Teneriffe, 
Antisana, Eilimandjaro, Demavend, Pesban, Osnrnu, Ere- 
bus, and Terror. 

Name the principal volcanic mountains of Korth America. 



In what part of the Atlantic Ocean are sahmariDe ertip- 
tions especially (Vequent? 
Name three noted volcanoes of the Hediterranean 



What noted volcanoes are found in the region visited by 
the earthquake of Lisbon ? 

In nhst portions of the Eastern Hemisphere are earth- 
quake shocks especially frequent? In what portions of 
the Western Hemisphere? 
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CHAPTER I. 
The Crust of the Earth. 

64. Composition of the Crust. — ^The elementary 
substances are not equally distributed throughout 
the earth's crust. Many of these substances occur 
only in extremely small quantities, while others 
are found nearly everywhere. 

Although the deepest catting through the earth's crust 
does not extend vertically more than about two miles be- 
low the level of the sea, yet the upturning of the strata, or 
the outcropping of the different formations, enables us to 
study a depth of about sixteen miles of the earth's crust. 

A careAil study of the composition of this part of the 
crust shows that oxygen constitutes nearly one-half of it, 
by weight. SUieon, an element which, when combined 
with oxygen, forms silica or quartz, constitutes, either as 
■and, or combined with various bases as silicates, one- 
fourth; so that these two elements form at least three- 
fourthSf 6y weight, of the entire crust. The following are 
also prominent ingredients of rocks — o/uMtntum, which, 
when combined with oxygen, forms alumina, the basis of 
clay : moffnesiumf calciunif potasnunif todtum, ifwi, and ear- 
ban. These nine substances, according to Dana, form 
^J^ths, by weight, of the entire crust. 

fiulphuTf hydrogen, cMorine, and nitrogen also occur fre- 
quently. The remaining elements are of comparatively 
rare occurrence. 

65. The Origin of Rocks. — When the earth was 
yet a melted globe, the water which now covers 
the larger portion of its surface hung over it, 
uncondensed, either as huge clouds or as masses 
of vapor. After a comparatively thin crust had 
formed, the vapor was condensed as rain, and cov- 
ered the earth with a deep layer of boiling water. 
Occasionally the cooling crust was broken by the 
increasing tension, and portions of the molten in- 
terior were forced out and spread over the sur- 
face The muddy waters then cleared by depos- 
iting layers of sediment over the ocean's bed. 

When, by long-continued cooling, the crust be- 
came thicker, the breaking out of the interior oc- 
curred less frequently, and contraction, wrinkling 
the surface in huge folds, caused portions to 
emerge from the ocean and form dry land. Dur- 
ing all this time the waters were arranging the 
looser materials in layers or strata which were 



originally more or less horizontal; but wher- 
ever the contraction forced the melted interior 
through the crust or upturned it in huge folds, 
the horizontal position of the deposits was de- 
stroyed; and even when not so disturbed, the 
heat of the interior, escaping through fissures, 
often produced such alterations as to confuse or 
completely to obliterate all traces of their regu- 
lar bedding. 

The almost inconceivable extent of geological time may 
be inferred from the calculations of Helmholtz, based on 
the rapidity of the cooling of lava. These calculations 
show that in passing from a temperature of 2000° C. to 
200° C. a time equal to three hundred and fifty miUicm yeare 
must have elapsed. Before this a still greater time must 
have elapsed, and after it came the exceedingly great ex- 
tent of geological time proper. 

66. According to their Origin, rocks may be 
divided into three distinct classes: 

(1.) Igneous Rocks, or those ejected in a melted 
condition from the interior, and afterward cooled. 

(2.) Aqueous Eoekt, or those deposited as sedi- 
ment by water. When mineral matter settles in 
water, the coarser, heavier particles reach the bot- 
tom first, so that a sorting action occurs, which 
makes the different layers or strata vary in the 
size and density of their particles, and, to a great 
extent, in their composition. 

Aqueous rocks are sometimes called sediment' 
ary rocks. 

(3.) Metamorphic Eocks, or those originally 
deposited in layers, but afterward so changed by 
the action of heat as to lose all traces of stratifi- 
cation. 

This change, which is called metamorphitm, m caueed hy 
heat acting under pressure in the presetteeof moisture. Under 
these conditions a far less intense heat is required to re- 
move all traces of stratification. Metamorphism appears 
to consist mainly in a rearrangement of the chemical con- 
stituents of the rocks. 

67. According to their Condition, rocks may 
be divided into two classes: 

(1.) Stratified Eoekt, or those arranged in 
regular layers. Aqueous rocks are always strati- 
fied, and sometimes, though rarely, metamorphic 
rocks ar6 stratified. 
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In Fijt. S5 the dlfli-rent Uy«n or strata >re shawii by 
the thaAiaffi. StratiBed rocka aru the moal common form 
of rockH rnnnil near the earth's surface. 

StratiSed rocks are largely composed of ftsgments of 
older rocks; for this reason they are sometimes oiled 
fraffwienlal rocks. 

(2.) Unitratifled Bookt, or those destitute of 
any arrangement in layers. They are of two kinds: | 

(1.) /yneow.orthosewhichwereneverstnitified. ] 

(2.) Mdamorphie, or thc«e which were once 
stratified, but have loet their stratification by 
the action of heat. 

Unstratified rocks are soroetimes called crystal- 
Une rocks, because they consist of crystalline 
particles. 

68. Poiiili are the remains of animalB or plants 
which have been buried in the earth by natural 
cauHcs. Generally, the soft parts of the organism 
have disappeared, leaving only the harder parts. 
Soinctinies the soft parts have been gradually re- 
moved, and replaced by mineral matter, generally 
lime or silica; thus producing what are called 
petrifactions. At times the mere impretisioQ of 
the animal or plant is all that remains to tell 
t£ its former existence. 



Fig. as. Fouil EncirlBll*. 



When the remainn of an animal or plant are eipocwd to 
the air or buried in dry earth, thpy generally decompose 
and pam uB* aliiioiit piitin-1y ax tcasi-s; but when baried 
nnder water or in damp <iirth, their presi-rvation is more 
probable. Therefore, the species most likely to become 
foMriliEed are thoxe living in water or marshes, or in the 
neighborhood of water or marshes. 

69. According to the Prewnce or Absence of 
FohU Bemaini, rocks may be divided into two 
clasnes: 



(1.) PoMUifcroni Bocks, or those which con- 
tiun fossils. They are stratified and are of 
aqueous origin. Metamorpbic rocks, in very 
rare instances, are found to contain fragments 
of fossils. 

(2.) Hon-foMiliferoiu Rocks, or those destitute 
of foesils. They include all igneous rocks and 
most of those that are metamorphic. 

TO. P&leeontology is the science which treats of fosaila. 

Paleontology enables as to ascertain the earth's condi. 
tion in pre-bisCoric times, since by a careful examination 
of the fomils foand in any rocks we discover what animals 
and plants lived on the earth while snch rocks were being 
deposited. The earth's strata thus become the pagei of a 
fange book ; and the fossils found in them, the writings 
concerning the old life of the world. By their careful 
stady grolt^ists have been enabled to find ont much of 
the earth's past history. 

7L Dintion of Geological Time, — A compari- 
son of the various species of fossils found in the 
earth's crust discloses the following facts: 

(1.) The fossils found in the lowest rocks bear 
but a slight resemblance to the animals and 
plants now living on the earth. 

(2.) The fossils found in the intermediate strata 
bear a resemblance to existing species, though 
this resemblance is not so strongly marked as in 
the upper strata. 

(3.) The fossils found in the upper strata bear 
a decided resemblance to existing species. 

It is on such a basis that the immense extent 
of geolo^cal time is divided into the following 
shorter periods or times: 

(1.) Archsan Time, or the time which wit- 
nessed the dawn of life. This time included an 
extrenielv long era, during most of which the oon- 
ditionf of temperature were such that no life could 
possibly have existed. Toward its close, however, 
the simplest forms of life were created. 

The lower Archsean rocks resulted from the 
original cooling of the molten earth, and cover 
its entire surface, including the floor of the ocean. 
On these rest less ancient Arcbiean rocks, fbnued 
as sedimentary dopositi of the older rocks. 

The rocks of the Archsean Time in North America in- 
clude the Laarentian. the lowest, named from the river 
St. Lawrence, near wliieh they occur, and the Hutonian, 
named from their occurreuce near Lnki' Hiimii. 

(2.) Falffiozoic Time, or ancient life, included 
the time during which the animals and plants 
bore but little resemblance to those now living. 

(3.) Hewzoic Time, or middle life, included 
the time during which the animals and planU 
began to resemble those now living. 
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(4.) Cenotoio Time, or recent life, included the 
time during which the animals aod plants bore 
decided resemblance tu those now living. 

These limes are divided into ayes. 

Arcluean Time includes — 

(1.) The Azoic Age ; 

(2.) The Bjzoic Age. 

Palteozoic Time, or, as it is Bometimes called, 
the Primary, includes — 

(1.) The Age of Invertebrates, or the Silurian ; 

(2.) The Age of Fishes, or the Devonian ; 

(3.) The Age of Coal-plants, or the Carbon- 
iferoua. 

Meeozoic Time, or, as it ia sometimes called, 
the Secondary, includes the Age of Reptiles. 

Cenozoic Time includes — 

(1.) The Tertiary, or the Age of Mammale ; 

(2.) The Quaternary, or the Age of Man. 

Where no disturbing causes existed, and the 
land remained under the seas, the rocks deposited 
during these periods were thrown down in regu- 
lar strata, one over the other. The ArchieaD 
were the lowest ; above them were the Paljeozoic, 
then the Mesozoic, and finally those of the Ceno- 
loic. Generally, however, frequent dislocations 
of the strata have disturbed the regular urder 
of arrangement. 

78. The Axoic Age included nil the time from 
the first formation of the crust to the appearance 
of animal and vegetable life. 

The Eoioio Age is that which witnessed the 
dawn of life. The sedimentary rocks of this age 
are so highly metamorphosed that nearly alt traces 
of life have been obliterated. Among plants, the 
marine alga, or sea-weeds, and among animals, 
the lowest forms of the protozoa, were probably 
the chief species. 

73. The Age of InvertebrateB, or the Silurian, 
is sometimes called the Age of Mollusks. Among 
plants, algix, or sea-weeds, ore found ; among ani- 
mals, protoioa, radiates, articulates, and moUasks, 
but no vertebrates. Hence the name, Age of In- 
vertebrates. Mollusks were especially numerous. 

Tbo name Saurian ia derived from the Rncieiit ^lluru, 
k tribe fonuerly iubftbitiiiK those parts of Eoglaud and 
Wolce wbere the rocks aboand. 

74. Tke Age of Fiahea, or the SeTonian. — 
During this age all the sub-kingdoms of animals 
are found, but the vertebrates first appear, being 
represented \ty fishes, and from this fact the name 
has been given to the age. Land-plants are also 
found. Immense beds of limestone and red sand- 
stone were dcjiosited. 



73. The Age of Coal-Flanti, or the Carbonif- 
erooE. — The continents during this age consisted 
mainly of large, flat, marshy areas, covered with 
lusuriant vegetation, subject, at long intervals, to 
extensive inundations. The decaying vegetation, 
decomposing under water, retained moat of its 
solid constiluent, carbon, and formed beds of coaL 
All the sub-kingdoms of animals were represented 
and reptiles also existed. The comparatively few 
land-plants of the preceding age now increased 
and formed a dense vegetation. 

To favor such a luxuriant vegetation the air 
must have been warm and moist. Since all the 
coal then deposited previously existed in the air 
as carbonic acid, the Carboniferous Age was nec- 
essarily characterized by a purification of the 
atmosplie. 




rig. 27. Carbon ttt [am IdDdiupc. (A r^I^cLLou.' 

Formation of Coal.— In evi'ry 100 parts of dry veg»- 
tablc matter there are aboat 49 parts u[ earboii, S u( hydro- 
pjeii, and 45 of oxyiren. Thu carbon in a aolid ; Ibc hydro- 
gen and oiygt'U an- inuws. It U fniru the carbon tbat coal 
Is niainl.v fonu«d. When the dfconiponitioii of the VeKe- 
table matter takfs place in air. Ihe carbon pasxes oCT with 
the hydrogen and uiygen as varloul gaseous cuoipouDdi; 
but nhcQ covrred by water, m»t oF the carbon » retained, 
toRetlier wllh part of tlie oxygen and hydrogen. Althounh 
every year onr foresia drop tons of leaves, no coal r«ult*, 
the deposit of one year being almoat entirely removed 
before that of the next ocean. 

It has been computed that it woold reqairo ■ depth of 
ei|;ht feel of compact vegetable matter to form aae fuot of 
bituminans coal, and (irelve feet of vegetable matter t« 
form one foot of authntcite coal. Atitbrasite coal diAen 
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timn bitaminolia mainly in the greater metamorphism to 
which it has been Hul«ject«d ; it contains a greater propor- 
tion of carbon and leas hydrogen and oxygen. 

76. The Age of BeptileB. — In this age the ani- 
mals ftnd plants begin to resemble existing species. 
The age is characterized mainly by the prepon- 
derance of reptiles, niany of which were very 
large, as, for example, the pleeuimuritg, an animal 
with a long, snake-like neck and a huge body, or 
. the ielUhyosauriis, with a head like a crocodile and 
ehort neck and large body. Both of these ani- 
mals were furnished with fin-like paddles, and 
lived in the water. Huge pterodadyh, ox bat- 
like saurians, flew in the air or paddled in the 
water. Mammals and birds also occur. 




Fig. 38. Th« As« of Kvptllea. lA 



77. The Age of Hammals, or the Tertiary Age. 
— Mainmnli', or animals that suckle their young, 
occurred in great numbers, and, being the highest 




Fig. 29i Haatodon gigauteiu. An Aolicfil of th« Hammaliui Ags 



type of life, gave the name to the age. The ani- 
mals and plants of the Mammalian Age closely 
imbled existing species, though most of them 
h larger ; as, for example, the dinoUte- 
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rium, a huge animal, with a trunk like an ele- 
phant, but with downwHrd-turned tusks; the 
paUeolherium, and many others. 

78. The Era of Han, or the anatemary Age, 
witnessed the introduction of the present animals 
and plants and the creation of man. 

79. Changes Now Occniring in the Earth'* 
Cnut. — Geological time was characterized by ex- 
tensive changes, both in the kind and luxurianix 
of life, and in the nature of U« distribution. 

The enrlk is still undergoing extensive changes, 
which are caused by the following agencies: 

(1.) By the Winds, which often carry sand 
from a desert and distribute it over fertile plains: 
in this manner the narrow tract of fertile land on 
the borders of the Nile, in Egypt, receives much 
eand from the Sahara. The winds arc also piling 
up huge mounds of sand along the sea-coaatB, 
forming what are called dunes, or sandhiUs. 

(2.) By the Koistore of the Atmosphere, soak- 
ing into porous rocks or running into the crevices 
between solid ones. This water in freezing ex- 
pands with force sufficient to rend the rock into 
fragments, which are carried away by the rivers 
or, when sufficiently small, by the winds. 

(3.) By the Action of RantiiDg Water. — Rivers 
wash away portions of their banks or cut their 




Fig, 30, CDiiouaEffftctM Froaion. 
way through their channels. This action 
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rooks. The materiala thus carried away are 
spread over the lowlands near the mouth of the 
river or throwu into the sea, where they often 
form large deposits. By the constant action of 
these causes the mean keigkU of Ike eontinentt ara 
deereaging and their breadths increaging. 

The most remarkable instance of erosion is 
found in the cafions of the Colorado River, where 
the waters have eaten a channel through the hard 
limestones and granites that form the bed of the 
stream, until they now run through gorges whose 
walls ascend almost perpendicularly to the height 
of from 3000 to 6000 feet 

A good idea oC this great depth may bo oblaioed by 
walking along a itmlght street for about a mil« (5880 
feet), and tbea imagiaiog theitreetaet upright in tbs air. 
On looking dawn toward tbe ilarting' place, we would lee 
it as it would appe«r at the bottom of a hole about 6000 
feet deep. 

The forms produced b; eroeioo are often iztreiDel; fan- 
taatic. Tall, slender, needle-like columns, capped by a 
layer of harder ruck, sometimes occur, thna showing in a 
marked manner an effect of erosion. 

(4.) By the Action of Ocean WaTU, changing 
the outlines of coasts ; as may be seen in portions 
of the coasts of England and Scotland. 

(5.) By th« Agflnqy of Man, witnessed mainly 
in the destruction of the forests over extended 
areas. 

(6.) By the Contraction of a Cooling Cmtt, 
resulting in — 1. Earthquakes; 2. Volcanoes; 3. 
Gradual uplifts and subsidences. 



//^ CHAPTER II. 

Distribution of the I.,and-Areas. 

80. Qw^raphio Effects of Light, Heat, and 
Moiitore. — The peculiarities observed in the dis- 
tribution of animal and vegetable life are caused 
by difierences in the distribution of light, heat, 
and moigture. Since light, heat, and moisture 
are influenced by the interaction of land, waier, 
and air, we must first study the distribution and 
grouping of these inorganic or dead forma before 
we can understand those that are living. 

8L The Sutrihntlon of the Land.— Of the 
197,000,000 square miles that make up the 
earth's surface, about 144,000,000 are water and 
53.000,000 land. The proportion is about as the 
square of 5 ia to the square of 3. If, therefore, 
we erect a square on a side of five, its entire area 
will represent the relative water-area of the globe ; 



while a square whose side is three will represent 
the relative land -area. 




Fig. 31. Eelatin Land- and V*tet-A 
82. The Siitribiitioii of the Land can be beet 
studied when arranged under two heads: 

(1.) The Horisontal Forma of the Land, or the 
different shapes produced in the land-areas by the 
coast lines, or by the contact of land and water; 
(2.) The Vertical Forms of the Land, produced 
by the irregularity of the surface of the high 
lands and low lands. 

B3. The Horixontal Forms.— The land-areas 
are divided into continents and islands. 

The Eastern Hemisphere contains four conti- 
nents : Europe, Asia, Africa, and Australia. The 
first three form one single mass, which is called 
the Eastern Continent. 

Thongh the word "continent" strictly refers to an ex- 
tended area of land entirely surrounded by water, UMfe 
has sBDctioned the application of the term to tbe gnnd 
divisions of the land. It is qnlte correct, therefore, to 
speak of the North American Continent, tbe Asiatic Oon* 
tlnent, etc. 

The Western Hemisphere contains two conti- 
nents: North and South America; these consti- 
tute what is called the Western Continent. 

The following are the extremities of the conti- 
nents: 
In the Bast«rD ContlneDt— 

Most northern point, Cape Chelyuskin, lat. 78° 16' S. 
Host southern point, Cape Agullias, lat. 34° 51' S. 
Host eastern point, East Cape, long. 170° W. 
Host western point, Cape Verd, long. 17° 34' W. 
In tbe Western Continent- - 
Most northern point, Puint Barrow, lat. TiJ° N. 
Host southern point, Cape Froward. lat, ^° SS' S. 
Most western point, Cape Prince of Wales, long, 168' W. 
Most eastern point, Cape St. Roque, long. 35° W. 



84. PeonlUritiw ia tlw Sutribntioa of the 
Lud: 

(1.) TAa continents extend farther to the north 
than to the south. 

(2.) The land moMeg are crowded together near 
the north pole, which they aurround in the shape 
of Ml iiregul&r nag. 

(3.) The three main touthern projectiont of 
Ae land — South America, Africa, and Australia 
— are separated from each other bj extensive 
oceans. 

85. Land and Water HemUpberei. — The ac- 
cumulation of the land in the north and its sepa- 
ration in the south lead to a curious result — nearly 
ail the land u collected in one hemisphere. 

If one point of a pair of compasses be placed at 
the north pole of a globe, and the other stretched 
out to reach to any point on the equator, they 
will describe on the surface of the globe a great 
circle, and consequently will divide the globe into 
hemispheres. If, while they are stretched this dis- 
tance apart, one of the points be placed at about 
the city of Liondon, a circle swept with the other 
point will divide the earth into land and water 
hemispheres. Such a great circle would pass 
through the Malay Feainsula and the coast of 
Pern. 

The Land Hemisphere contains all of Xorth 
America, Europe, and Africa, and the greater part 
of South America and Asia. The Water Hemi- 
sphere contains the southern portions of South 
America, the Malay Peninsula, and Australia. 




Fig. 33. Lud ud Wttw HtDiiphtrw. 

86. Doable Continenti. — The six grand divis- 
ions or continents may be divided into three pairs, 
called Double or Twin Continents. 

Each Double Continent consists of a northern 
and southern continent, almost separated from 
each other, but connected by a narrow isthmus 
or island chain. 

The three double continents are N^orth and 
South America, Europe and Africa, and Asia 



and Australia, There are, therefore, three nortb- 
em and three southern continents. 

The northern continents lie almost entirely in 
temperate latitudes, lehilo the southern lie mainly 
in the tropica. 

87. Liaet of Trend. — The study of any map 
of the world on a Mercator's projection will dis- 
close the following peculiarities in the earth's 
structure : 

There are two great eysteme of couriee, trends, or 
lines of direction, along wkich the shores of the cot^ 
tinents, the mottntainrranges, the oceanic basins, mtd 
the island chains extend. 

These trends extend in a general north-eattefiy 
and north-vxsterli/ direction, and intersect each 
ether nearly at right angles. 

North-*aBt Trenda. — A atnlKbt ralvr can be bo placed 
mlang the Boutb-e&(tenico*ataof Ortenland aud the ■oath- 
eaatem coasts of North America that Ita edge will toach 
most of their shore liuet. Its general direction will be 
wtrtk-eatt. 

It csD be similarly placed alODg the ■outh-eastem MMt 
of South America, the north-weatem coast of AMca, and 
most or the western coast of Europe; along the lODth- 
eastern coasts of Africa; the sonth-east«m coast of Uln- 
doatao; and along the eastern coast of Asia, without Its 
general direction differing much from norlh-tiM. 

Hortb-woBt TrMidB.— A straight ruler can be so placod 
as to touch most of the weKtem shores of North America 
and pare of the western coast of Sooth America; most 
of the western coasts of Qreenland, or the north-easl«n 
coasts of Korth America, and part of the weatem coasts 
of Africa. All these courses are sensibl; m«TtJi-»tit. 

If placed with one end at the mouth of the Mackeosla 
Blver, and the other on the soutb-weatern extremity of 
Lake Michigan, it will cot nearly all the great lakes In 
Central British America. The direction of the island 
chains of the Paclflc Ocean in particular la characteriied 
by these two trends, many of the Bepiirol« Islands being 
elongated In the direction of the trend of their chain. 

68. Continental Controiti. — The main pro- 
longation of the viestcm continent extends in the 
line of the north-wettern trend, vjhile that of the 
eastern continent extends in the line of the north- 
eastern trend. The axes of the continents, or 
their lines of general direction, therefore, inter* 
sect each other nearly at right angles. 

The western continent extends far north and 
south of the equator, while the eastern lies mainly 
north of the equator. The Western GontinetO, 
therefore, is characteriied by a diversity of cfi- 
mates; the Eastern Continent, by a similarity. 
The distribution of vegetable and animal life 
in each continent b necessarily affected by the 
peculiarities of its climate. 

It is from the pn^valince of the lines of trend that tha 



iganeiml ihmpe of the coDtinenla is mainly triangular. An 
excellent ijatem of map-drawing baa been devised on tlilH 
peculiarity. 

The following peculiarities exist in the coaat 
lines of the continents ; 

The coast lines nj the northern coniinenU are 
very irregular, the shores being ilayily indented 
wiih guffs and bays, while those of the vtuihem tan- 
tinents are eomparativelj/ simple and unbroken. 

The continents are most deeply indented near 
the re^ons where the paire of Dorth^-n and south- 
ern continents are nearly separated from each 
other. These regions correspond vriih the lines of 
great volcanic activHy, and appear to be areas over 
which considerable subsidence has occurred. 

The continents differ greatly from one another 
in their indentations. Europe is the most indented 
of all the continents. The area of her peninsulas, 
compared with that of her entire area, is as 1 to 4. 
Asia comes next in this respect, the proportion 
. being 1 to 5}, while in North America it is but 
1 to 14. 

The following Table gives iu th« fir«t column the area 
of each of the continents, in the second the leutith of coast 
Hue, and in the third tlie Dumber of square milca of area 
to one mile of coast line : 



Asia 17,500,000 sq. miles. 

Aftlea 12,000,000 

North AneriM.. 8,400,000 " 
South America... 6.600,000 " 

Europe 3,700.000 " 

Australia I 3.000,000 



110,000 



Europe ban, In proportion to iU area. 
About three times as much coast liue as Asia. 
About four time* as much as Afrio. 
About twice aa much as North America. 
Hor« than twice as much as South America, 

Europe is the most, and Africa the least, t 
mdenled of the atnlinentt. 



^' CHAPTER III. 
Islands. 

89. Belative ContinenUI and Inndar Areas. — 

Of the 53.000,000 square miles of land, nearly 
3,000,000, or ahout one-se\>enteenih, is composed 
of « Ian lis. 

90. Varieties of Islands. — Islands are either 
continentiit or oceanic. 

Continental Island* are those that lie near the 



shores of the continents. They are continuationv 
of the neighboring continental mountain-ranges 
or elevations, which they generally resemble in 
geological structure. They may, therefore, be re- 
garded as projedions of submerged portions of the 
neighboriiig eotUinents. Gjntineniai islands have, 
in general, the game lines of trend as tJu shores of 
the neighboring mainland. 

Continental ialands. as a rule, are larger than oceanlo 
iidanda. This is causrd b; t'.io shallower water in which 
continontal islands are generally situated. Papua and 
Borneo have each an urea of nbciuC 250,000 square miles; 
either of these iatandH is more than twice as large m the 
combined areas of Great BriCain and Ireland. 

91. American Continental Island Chains. 

(1.) The Arctic Archipelago comprises the 
large group of islands north of the Dominion 
of Canada. It consists of detached portions of 
the neighboring continent. 

(2.) The Islands in the Gnlf of St. Lawrence 
and its neighborhood are apparently the northern 
prolongations of the Appalachian mountain-sys- 
tem. 

(3.) The Bahamaa lie oir the south-eastern coast 
of Florida, to which they belong by position and 
structure. Their general trend is north-west. 

(4.) The Wert Indies form a curved range, 
which connects the peninsula of Yucatan with 
the coas^ mountains of Venezuela. Here both 
trend:^ appear, though the north-western pre- 
dominates. 




(5.) The Aleutian Islands form another cun'ed 
range, which connects the Alaskan Peninsula with 
Kamtchatka; their general trend is north-east. 
They are connected with the elevations of the 
North American continent. 
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(6.) The Islands west of the Dominion of Can- 
ada and Alaska. These are clearly the summits 
of submerged northern proloiigalioua of the Pa- 
cific coiiet ranges. 

(T.) The Islands of the Fatagonian Archi- 
pelago are the summits of submerged pmlonga- 
tiijus of the Andes of Chili. 

92. Asiatic Cootiaental Island Chains consist 
ef a series ol' curved ranges extending along the 
entire coast, and intersecting each other nearly at 
right angles. 

(1.) The Knrile Islands are a prolongation of 
the KamtchiitUttu rrtnge. 

(2.) The Islands of Japan extend in a curve 
from Saghalien to Corea. 

(-}.) The Loo Choc Islands extend in a curve 
from the islands of Japan to the island of For- 

(4.) The Philippines form two diverging chains, 
which merge on the south into the Australasian 
Island cliaiu. The eastern chain extends to the 
southern extremity of Celebes, and the western 

to that of Borneo. 

Tbs Asiatic chains heloDg to a siibmcrKinl moaatalti- 
raiiiie extoDiliug Trom Knuitvliatka to tbu Sunda lalanda. 
leral diicctiuo ia parallel to the clcvutioos uf the 



The AustmlaalaD cbaiu wu probably connected iTilli tha 
Afliatic contineut duriug roceut geological time, and BPpa- 
lattil from it by aubaidence. Ita numerouB volaiiioes aud 
coTsI foruuttioDB prove that Bubsideace ia atill taking 
place. 

94. Pecnliarity of Distribution. — The follow- 
ing pecuHarity is noticed in the distribution of 
continental islands : 

Jiieh of the eontinentg has an island, or a ffroup 
of Ulaiids, near its soulh-eastem extremity. For 
example. North America has the Bahamas and 
the West Indies; Greenland hus Iceland; South 
America has the Falkland Islands; Africa has 
Madagascar ; Asia has the East Indies ; and 
Australia has Tasmania. 

95. Oceanic Islands are tliose situated far away 
from the continents. They occur either in vast 
cliains, which generally extend along one or the 
other of the two lineit of trend, or as isolated 
groups. 

Oceanic Island Chains. 

The following are the moat important: 

(1.) The Polynesian Chain ; 

(2.) The Chain of the Sandwich Islands ; 

(3.) The Tongan or New Zealand Chain. 
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93. The Australasian Island Chain. 

Tiie Australasian Island chain is composed of 
a number of islands extending along curved 
trends over a length of nearly 6000 miles, from 
Sumatra to New Zealand. The islands extend 
along three curved lines, whose general direction 
is north-west. 
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Coral islands ue most abundant in Ihf I^cijic Ocean. 
The fallowing groups rontsiD namcrous coral islands: 
the Paumotus, the Carolina, the Radack. Ihe Ralick, 
and the Kingsnilll groups, and the Tahitiaii, Samoau, 
and Peqee Islands, and Now Caledonia. 

/■ the Indian (ktan the Laccadives and the Maldives are 
most noted. 

In the Atlantic Oaan the West Indies aud the Bermudas 

100. Varietiei of Coral Fonnatioiu. — There 

are four varlelieg of coral formatiowi: 

(1.) Fringing Reefs, or narrow ribbona of coral 

rock, lying near the shore of an ordinary island. 
(2.) Barrier Kee&, which are broader than 

Fringing Reefs, and lie at a greater distance 

from the shore, but do not extend entirely around 

the island. 

A barrier reef off the coast of New Caledonia bos a 
length uf 400 miles. One citenda along the iiorth-caateni 
■hore of AuHdalia fur over 1000 miles. Barrier reefs are 
not continuous, but often bnve breaks in tbem through 
which vessels can readily pass. 

(3.) Encircling Beeft are barrier reels extend- 
ing entirely around the island. Aa a rule, en- 
circling reefs are farther from the shores of the 
island than barrier reefs, Tahiti, of the Society 
Islands, is an example of an encircling reef. 

(4.) AtolU.— This name is given to reeft that 
encircle lagoons or bodies of water entirely free 
from islands. 

Tlie varieties of reefe just enumerated mark 
Bucccaaive steps or stages in the progress of for- 
mation of the coral island. 

When a more careful study of the habito of the reef- 
forming eomi polyp disclosed the liuit of its inability to 
live- in the ocean at greatiT depths than 100 or 120 feet, 
the opinion, whicii formerly prevailed, of coral islands 
rising from protouod depths, bad to be abandoned. The 
idea bod Its foundation in the fact that a sounding-line, 
thrown into the water near the shore of a coral island, 
almost invariably showed depths of thousands <if feet, and 
yet brought up coral rock. In no case, howover, did tho 
rock cou tain living polyps. An ingenious hypothesis of 
Darwin, which appears well austained by the exteusive 
ohBervalions of Daua and others, ciplaios the great depth 
of coral formal ions. 

lOL Larwin'8 Theory of Coral Islaada.— Ac- 
cording to this distinguished naturalist, the coral 
formation begins near the shore of an island that 
is slowly sinking. If the growth of the reef up- 
ward equals the sinking of the isUind, the thick- 
ness of the reef is limited only by the time during 
which the operation continues. 
In Fig, 38 U shown, in plan and section, an island with 
id river a. The coral island begins 
■where off the coaat ot nn ordinary 
the cooditious are favorable. Tht 
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coral rctf mutt gradually ntend around the inland, since its 
growth toward Ihe oceau is soon limited by the locreasinR 
depth, and toward the shore of the island by Ihe muddy 
waters near the surf and the abaenee of the breakers. 

-Meanwhile, as the island ts sinking, the channel sepa- 
raling the reef from the coast increases in breadth. A 
barrier ret/ is thus formed, which at last completely sur- 
rounds the island, and becomes an tHcircling reef. The 
higher portions of land, which are still above the watera, 
form islands in the central lagoon. Opposite the month 
of the river a, the growth is prevented by the fresh water, 
and a break in the reef is thus produced. These breaks 
are sometimes sufficient to permit a ship to enter the 
lagoon. At lost all traces of the old island disappear, aud 
its situation is marked by a clear lake, surrounded by a 
narrow rim of Coral which follows nearly the old ccast 

A coral Uland, ihertfore, u aheayt of an ap- 
proximately eiretilar or oval form, and endoteg a 
clear space in the ocean. Extended s^ilemi of coral 
formations occurring in any region are a proof of 

subsidence. 



'■ CHAPTER IV. 

Relief Forms of the Land. 

102. By the Forma of Belief of the Land is 

meant the elevation of the land above the mean 
level of the sea. 

The highest land in the world is Mount Ever- 
est, of the Himalayas; it is 29,000 feet high. 
The greatest depression is the Dead 8ea, in Pales- 
tine, whith is about 1312 feet below the level of 
the ocean. The sum of these is somewhat less 
than six miles. 

An elevation of six miles is insignificant when 
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compared with the size of the earth. If repre- 
sented on an ordinary terrestrial globe, it would 
be scarcely discernible, since it would project 
above the surface only about the ji^Vv^^ ^^ ^^^ 
diameter. The highest elevations of the earth are 
proportionally much smaller than the wrinkles on 
the skin of an orange. 
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Fig. 39. BelttiTe Height of Monntaini. 

If, as in Fig. 39, a sphere be drawn to represent the site 
of the earth, its radius will be eqoal to about 4000 miles. 
If, now, the line A B be drawn equal to the radius, it 
will represent a height of 4000 miles. One-half this 
height would be 2000 miles; one-half of this 1000, and 
saccessive halves 500 and 250 miles. An elevation of 250 
miles would not therefore be very marked. 

Although the irregularities of the surface are 
comparatively insignificant, they powerfully affect 
the distribution of heat and moisture, and conse- 
quently that of animal and vegetable life. An 
elevation of about 350 feet reduces the tempera- 
ture of the air 1® Fahr. — an effect equal to a 
difference of about 70 miles of latitude. High 
mountains, therefore, though under the tropics, 
may support on their higher slopes a life similar 
to that of the temperate and the polar regions. 

103. The Relief Forms of the Land are divided 
into two classes : 

Low Lands and High Lands. 

The boundary-line between them is taken at 
1000 feet, which is the mean or average elevation 
of the land. 

Low Lands are divided into plains and hills. 

High Lands are divided into jUateaus and 
mountains. 

If the surface is comparatively flat or level, it 
is called a plain when its elevation above the sea 
is less than 1000 feet, and a plateau when its ele- 
vation is 1000 feet or over. 
6 



If the surface is diversified, the elevations are 
called hills when less than 1000 feet high ; and 
mountains when 1000 feet or over. 

104. Plains and Hills cover about one- half of 
the land surface of the earth. In the Eastern 
Continent they lie mainly in the north; in the 
Western, they occupy the central portiotis. 

Plains generally owe their comparatively level 
surface to the absence of wrinkles or folds in the 
crust, in which case the general level is preserved, 
but the surface rises and falls in long undulations: 
these may therefore be called undulating plains. 

The flat surface may also be due to the gradual 
settling of sedimentary matter. In this cfuse the 
plains are exceedingly level. They are called 
marine when deposited at the bottom of a sea or 
ocean, and alluvial when deposited by the fresh 
water of a river or lake. Alluvial plains occur 
along the lower course of the river or near its 
mouth. 

Marine and alluvial plains, fi'om their mode of forma- 
tion, are generally less elevated than undulating plains. 

105. Plateau are generally found associated 
with the mountain-ranges of the continents. Their 
connection with the adjacent plains is either a6- 
rupt, as where the plateau of Anahuac joins the 
low plains on the Mexican Gulf; or gradual^ as 
where the plains of the Mississippi Valley join 
the plateaus east of the Rocky Mountains. 

106. Monntains. — In a mountain-chain the 
crest or summit of the range separates into a num- 
ber of detached portions c9X[qA peaks; below the 
peaks the entire range is united in a solid mass. 

The breaks in the ridge, when extensive, form 
mou niain-passes. 

The influence of inaccessible mountains, like the Pyr- 
enees and Himalayas, in preventing the intermingling of 
nations living on their opposite sides, is well exemplified 
by history. In the past, mountains formed the boundariei 
of diflerent races. Some mountains, like the Alps and the 
Appalachians, have numerous passes. 

A Monntain-System is a name given to several 
connected chains or ranges. Mountain-systems 
are often thousands of miles in length and hun- 
dreds of miles in breadth. 

The Axis of a Mountain-system is a line extend- 
ing in the general trend of its chains. 

Where several mountain-axes intersect one an- 
other, a complicated form occurs, called a Moun- 
tain-Knot. 

The Pamir Knot, formi'd by the intersection of the 
Karakorum, Belor, and Hindoo-Koosh Mountains, is an 
example. It lies on the southern border of the elevated 
plateau of Pamir. 
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Fig. 40. A HoaDUlD-Fui. 
107. Orology treats of mountains and their 
(brniation. 

The force which upheaved the crust into niouD- 
tain-masses and plateaus had il« origin in the 
eontraelion of a cooling ghbe. There are good 
reasons for believing that do extensive mountains 
existed during the earlier geological Bges, since 
the crust was then very thin, and would have 
been fractured before sufficient force could accu- 
mulate to upheave it into mountaiii-nmsses. 

The great mou n tu hi -sy stems of the world are 
formed from sedimentary deposits that slowly ac- 
cumulated overextended areas until they acquired 
very great thickne^. The deposits forming the 
Appalachians, according to Dana, were, in places, 
40,000 teet in dcptli, and covenxl tlic eastern bor- 
der of the continent from New York to Alabama, 
varying from 100 to 200 inih* in breadth. 

After the accumulation of these strata they 
were, through tlie contraction of the <Tust, sub- 
jected to the gradual cilects of lateral pressure, 
by which they were BOnietinn* merely flexed or 
folded, but more fn-quently <'rusho<l, fractured, nr 
mashed together, and thus tiiickene<! and thrust 
upward. That side of the deiHisit froin whi<'h 
the thrust came would have a steei>cr slo[ie than 
the opposite side, which received a thrust arising 
from the resistance. 



This theory of mouDtalD-formatioD, whidi il 
generally accepted, explaioa the following ftcts: 

(1.) All mountains have two slopes — a short 
steep slope, facing the ocean, and a long gentle 
slope, facing the interior of the continent. 

(2.) The strata on the short steep slope are 
generally highly metamorphosed; those on th« 
long slope are in general only partially metamor 
phosed, or wholly unchanged. 

(3.) The mountain.systemB are situated OQ the 
borders of the continents where the sedimentary 
strata collected. 

(4.) Slaty cleavage, or the readiness with which 
eo many of the rocks of mountains cleave or split 
in one direction, is a proof of these rocks having 
been subjected to intense, long-acting, lateral pres- 
sure, since such pressure can be made to develop 
slaty cleavage in plastic material. 

Isolated Mountains.— Nesrly all high Isolated mimii* 
tains were formed by the (uection of Igneona rocki tarn 
the interior ; that ii, they arc of volcanic origlo and hava 
been npheaved by a vertical strain or trae projectile forae, 
ai in the volcanic ran^ of Jorulto in Mexico. 

108. Valley* in mountainous regions are either 
longitudinal or transverse. 

Longitudinal Talleya are those that extend in 
the direction of the length of the mountains. - 

Transverse Valleys extend across the moun- 
tain. It is in transverse valleys that most passes 
occur, 

Althoutch valleys, like mountains, owe their origin to 
the coiilmctioii of a roolinc criiet, yet their present shapei 
are modlflcd by (he operation nf other forces. By the 
action of their wateTM^arseg, valley* are deepened In one 
place and filled np in aimthur. Eitennve land-ilidea often 
alter their conflirorallon, Diirine the Glacial Period many 
valleys wcro (treatly thniiced by the action of huge mov- 
ing musses of ici!. Kiord-valleya wero formed in thii 

In level countries valleys generally owe their 
origin to the eroding power of water. 

109. Pecnliarities of Continental Belieft. — 
The following peculiarities are noticeable in the 
relief forms of the continents: 

fl.) The ronlinenU have, in getieral, high bor- 
ders mill a low interior. 

(2.) The highe/A border lies nearest the deep- 
est oeenu; hence, the culminating point, or tAo 
highest point of land, lies out of the centre of th« 
eontincul. 

(3.) The greatest prolongation of a continent 
is nlwnyn that of its predominant mountain-tif»- 

(4.) The prnailing trends of the mountaitir 
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moMM are the same <u lho»e of the eoait linet, and 
are, in general, either north-east or nortA-wwt 

In describiDg the relief forms of the continents 
we shall observe the following order: 

(1.) Til* FredominBDt Syitem, or a system of 



elevations exceeding all others in height, aod con- 
taining the culminating point of the continent 

(2.) The Secondary Byitem or 8ytt«mi^ inferior 
to the preceding in height. 

(.3.) The Qreat Low Flaiiu. 




Tig. 41. Oragnphlo OlmtoT Korth Amtriok (Ufht portlona, mounUlos: abtded parttona, plalna.) 
I, Rocli; MunnULin SjrHem: 2, STitFin uf tbs Slcm !I«id> ud CMada KugM; 3, SIcm Midw; 4. OmI tnUrlor PIUmhi; i. Wibal^ 
HoubUIm; 8, AppiUchlux; T, Plittwi of Ubndor; 8, Het(hl oTIud; 9, Arctic Plmtaiii 10, MKkcniJ* Blitr^ II, HflHB Bl»r; II, SL 



gitudinal valleys, connected in places by trans- 
verse ranges forming basin-shaped valleys. 

The Rocky Monntain Syitem. — The Rocky 
Mountains rise from the summits of a plateau 
whose elevation, in the widest part of the system, 
varies from 6000 to 7000 feet above the sea; 
therefore, although the highest peaks range from 
11,000 to nearly l.'>,000 feet, their elevation above 
tbe general level of the plateau is comparatively 
inconsiderable. The plateau on the east rises by 
almost imperceptible elopes from the Mississippi 
River. The upper parts of the slopes, near the 
base of the mountains, form an elevated plateau 
called the "Plains," over which, at one time, 
roamed vast herds of buffalo or bison. This &□[• 
mal is rapidly becoming extinct. 

Though the name " Rocky Hountaini " is fcenerall; con- 
fined to those parts of the chain which extend throuKh 
British .\nierirs and (he United States, jet, in connection 
nilh the Sierra Nevada Hounlains, it is continued throaKh 
Meiico by the 8lerra Msdre Muuntaiofl, and by SiualleT 
ranges to the Isthmus of Puuanut. 



^ CHAPTER V. 
Relief Forms of the Continents. 
I. NORTH AMERICA 

110. Svr&ee Stmctore. — The Predominant 
Mountain-System lies in the west. 

The Secondary Systems lie in the east and north. 

The Great Low' Plains lie in the centre. 

lU. Tbe Pacific Ilountain-Syatem, the pre- 
dominant system, extends, in the direction of the 
greatest prolongation of the continent, from the 
Isthmus of Panama to the Arctic Ocean. It con- 
sists of an immense plateau, from 300 to 600 
miles ill breadth, crossed by two nearly parallel 
mou ntain -systems : the Rocky Mountains on the 
east and the system of the Sierra Nevada and 
Cascade ranges on the west. The eastern moun- 
tain-system is highest near the south ; the west- 
em range is highest near the north. Between 
these lie numerous parallel ranges enclonng Ion- 
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Thp K'yrky Mountain r^y-^t'-m f.imw the great 
w«l*r>li^ ',{ the cniiinrnt, thtz tasfrm slopes 
(Iniininjr mttinlr tliPfU^fli the MUsi.'s-ijipi into the 
At Until, an'] the w'Tteni slofjei- ilniinin^ through 
the Ojlurrihia un'j the '.''jlonulo into the Pacific. 
It -I'Ji*t! jfrwliially upw-jrl fn^m the Arctic Ocean 
U'wanl the M*-xi'.-an |ilat<:au, where it attains its 
gn-atet^t elevation in the voWnic peak of Poiw- 
caf-jx:tl, 17,~/f) fM:t uUive the &..i. 

The Sjrrtem of the Sierra Nevada and Cascade 
MoaDtainf exf-nd-, in gf^neral, parallel to the 
K<^ky Moiiijtain Hy..t*;fn. It takfs th. name of 
Hierra Neva'J:i in f 'uliforriia ami Nevada, ami of 
the CW.wle M'tuntaiiiH in the n-niaining jN^rtiand 
of tlie <.-ontin<-nl. It n-a(|ii-> it;, grr^t'^t ileva- 
tifin in .MMint Ht. KlJaj-. in Ahuiku, V.i/M feet 
aU.ve th.: >-;a. TAm « iht '^itmiMUntj point of 
Of. S'irlh Aiu'iricnn r,ontin':ul. 
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Plateau of T^brador, the Height of Land, and 
the Arctic Plateau. The lart three hare but an 
inconsiderable elevation. 

The Appalachian Mountain Sntem connsta of 
a number of nearly parallel chains extending 
from the !*t. Lawrence to Alabama and Georgia. 
It id high at the northern and southern end«, and 
elopes gradually toward the middle. The highert 
peaks at either end have an elevation of about 
6000 feet. 

The .IppKlachiBD n-itcm is brokcD br two dcrp d»pi«a- 
■ions, tnicned by the HudioD and Hobawk Biren. Bo- 
tween the fool of the Fystrm and the orean lira a low cOMt 
plain, whoae width variea fnun 50 to 230 milM. 

113. The Great Low Plain of North America 
lie* between the Atlantic system on the east and 
the Pacific system on the we^t. It Etretchee from 
the Arctic Ocean to the Gulf of Mexico. 

Near the middle of the plain the inconsider- 
able elevation of the Hfight of Land divides it 
into two gentle *lop«-^, which di'scend toward tbe 
Arctic Oifan and the Gulf of Mexico. A gen- 
tle swell extending from north-west to south-east 
divider the northern portion of the plain into 
two parti>. The eastern and western basins, so 
formed, are connected by a break in the water- 
shed, through which the Xelson River empties 
into Hudson Bay. 

The southern part of the plain is traversed, in 
its lowest parts, by the Mist^issippi River. 



114. The Relief Formi of a Continent are beet 
understood by ideal sections, in which the base 
line represents the sca-lovel, and the scale of 
bei;>hts on the margin represents the elevation 
of the various |>arl^. 

In all Rurh «<rliaii« the vertiral dimeuiiona of the laad 
tattf I'lag gfiated. 
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Bwiili ban a tr'K: iiilniid ilrMlii:ti!". 
Tb« ln-iffliM '.f all nir.>iiiiiiiii-, .ipi^iit th-fj- Jiiiifh fre- 

niati'iiM,Hin4WtbcfURtii'XlKi'ni|<I»y<''lri,r"-liiii;iIiii|!li>'iKbU 
nquirp xn-nt [iniiaiitloiiii Ui i-'-an*- IrUilwr.riby risulCa. 
Evcu till) rnliiiiriatiiiK p'tiiith nf all t)i>' ('iiitiiitutii have 
not, ail ytt, bi-i:ii wxunMy KM':rtiiiiii.il. 

US. The Secondary Monntain-Syatemt of North 
America eomprii^e the Apiialui:liian .■'V-xtcin. the 




lis. Approximate DimensionB of Nortb Amartoa. 

An-a of roiilineiit. R'lin.OUO !4|Uare nii)i«. 

finiiti^I bn'iMitli from cast 1» wi-st. about 3100 milra. 

ftnatest tcuKth fnim north to south, about 4SO0 mileft 
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Fig. 44. Oro^ipbii Obut of 8<ntb AfflarloL 

(Llgbl portions, mnnntaLns : ahaded ponloni. plaliu.) 
1, Sjium Df Iho Andn ; 2. PIiimu of Quito ; 3. PUUu of BoliTti ; 
t. Aooncaswi i. Pliltau of Guliini: S. FMiLUui of Brull; 1, Th* 
Ortno»i«^Tb«AntuoD; 9. Tb< La FtiUo. 

^^ It. SOUTH AMERICA. 

U6. Snp&ce Structure. — The Predominant 
MountaiD-SyBtem of South America is in the weat. 

The Secondary Sj-stems are in the east. 

The Great Low Plain lies between them. 

117. The Syatem of the Aodet, which extends 
along the western border of the continent, m the 
predominant mountain-gydein. It is composed 
mainly of two approximately parallel chains 
ieparated by wide and comparatively level val- 
leys. On the north there are three chains, and 
on the south but one ; in the centre, mainly two. 
The chains are connected by tranaverse ridges, 
forming numerous mountain-knots. 

The Andes System forms a continuation of 
•the Pacific Mountain -System, A wide depression 
at the Isthmus of Panama marks their separation. 
From this point the Andes increase in height 
toward the south, probably reaching their high- 
est point in Chili, where the volcanic peak of 
Aconcagua, 23,910 feet, is believed to be the eul- 
minaiing point of South America, and of the Wett- 
0m Continent. 

VOTi^ lie Somta wm formerij believed to be the cnl- 
mliimtliigpoiotofSanth America, butnoeDt recmlcaUtJout 



of the olMervAtJoDB have reaulted in a loos of neariy 4000 
feet of the luppoaed height of fiorata. Some aathorltlM 
still claim that leveiml peak* Id Bolivia itaeh an ele- 
vation of nearly 25,000 feet. 

The Andes Mountoin-System terminates ab- 
ruptly in the precipitous elevations of Cape Horn. 

Nameroas table-lanili are locluded between the panllel 
nnftes ; the most Important are — the piaitau of Quito, SMS 
feet; Oxn plattau of POKC, in North Peru, 11,000 feet; tb« 
plateau of Butivia, from 12,000 to 14,000 feet. From mMt 
of them higher platcans volcanic peaks arise. 

118. Tile SMondaiy Mountain-Systcma of South 
America are the plateaiu of Brazil and Chiiana. 
They both lie on the eastern border. 

The Plateau of BraxU is a table-land whose 
average height is about 2500 feet Narrow 
chains or ridges separate the river- valleys. 

Tbc plateau of Brazil forma the wateraheil between the 
tributaries of the Amazon and the La PlaU. Along the 
Atlantic a moderately eentinaons range descends in steep 
terraces to the ocean. The average altitude is more than 
double that of the neatem portion of the plateau. The 
highest peaks are somewhat over 8000 feet. 

The Plateau of Oniaoa, smaller than the Plateau 
of Brazil, but about equally elevated, forms the 
watershed between the Orinoco and the Amazon. 




Fig. 46. AmsMD IUv«r Boentry. 

119. The Great Low Plain of South Ameriea 
lies between the predominant and the secondary 
mountain -systems. It is mainly of alluvial origin, 
but slightly elevated, and is much more level than 
the great plain of North America, 

This plain is drained by the three principal Tl.^«fV\>r 
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t«ma of (he continent, by which it U divide into three 
^rta: the liowu of rk« Ori^eeo, tkt S»lnu of tkt Amuam, 
and a« JPampat of tke La Plattt. 

Tta* LlaDOB are gran; plains which, doring the tsiny 
HHon, reaemble our pniriea, but during the dry westhei 
an deaerta. 

The Selvas, or foreat plains, are covered by an nniater- 
mpted Iniariant forest. The vegetatioa here is so dense 
that Id some place* the broad riven fonn the only teady 
ineaDS of erouiDg the country. Near the river-btuiki an 
vast stretches of gwampy gronnd. 

Tbe Pampas an gnasy plains which in some nspecls 
RMmble the Llanos. 

A coast plain lies between the Andes and the 
Pacific. It is widest near the Andes of Chili, 




Fig. 4S. SaotloE of Bonth Amrioa from Eut to Wstt. 

I, Tolcano Anqglpi; i, L>ks TllL<»^; 1. NetwU ds SdiKta', t, 
Onlnl Plln; .^ MuanUliuDr Bnill. 

where in some places it is 100 miles in breadth. 
Between the parallels of 27° and 23° the plain 



is an absolute desert, called the Desert of At»- 
cama. Here rain never ialls and Tegetation M 
entirely absent. 

190. ApproxlnutM DlmMulonB of South Axoorlo*. 

Ana of continent, abont 6,500,000 sqnara mlloB. 

Qraateat bnadth from eut to west, 32X1 mtlea. 

QrcatMt length from north to sonth, 4900 milea. 

Coast line, 14,500 mile*. 

Cnlminating point, Aconcagna, 83,910 ftet. 

12L ContrwtsoftbeAmerioM.— Inbothyorth 
and South America the predominant syifem lie§ in 
the wed, the tecondary ayttcmt in the eatt, and th» 
loui plaitu in the centre. 

They differ in the following rcepects: 

In North America the predominant tyifent it a 
broad plateau, having high mountain-ranges; tho 
principal secondary syttem it narrow, and formed 
of parallel ranges; the low plains are character- 
ized by undulations, and contain several deep de- 
pressions occupied by extensive lake-syBtems. 

In South America the predominant system is tiot- 
row; the secondary systems are broad; the low plain 
is alluvial, extremely flat, contains no depressiona, 
and consequently no extensive lake-systems. 




Fig. 47, Orornplilo Chart of Enrops. (Ugbt porilai 

1. Thf Aim: 1. Mnnt BUno: ^ l-rnMi-x; 4. n>n1>I>iiu; fi, Sl«m &ti 

1; DiMHe A1|«; in, ItallHii: II. I>ln<lrir<: 1% TmuniKl 13. Miicuiii; U, r,-re 

Jan; IB, niirU; 3). l)..iirniUn Platfui; II, CupathUni; 2% Unogarivi Farrt- 



a. monnulns : shaded purtlnna. plains.) 



' III. EUROPE. 

122. Snrface Stmcture. — Tho Predominant 
Mountain-Py?toni is in the south. 

The Sccoiidury Systems arc in the north and east. 



The Great I>nv Plain lies between the Pre- 
dominant und Secondary Systems. 



regions. The great low plain ties on the nortb. and the 
predominaat mountain-system on the sontb. The coun- 
try north of tliis line <s MmetimM Mlled Low Eun^, and 
that sonth of it, High Europe. 

123. The PredDmlnant Hotmtain-System of Ea- 
Tope is composed of a highly complex series of 
mountalD-syBtems extending along the northern 
ehurea of the Mediterranean in a curve, from the 
Straits of Gibraltar to the shores of Asia Minor. 
The system is highest in the centre, where the 
Alp» form the culminating point of the continent. 

The average elevation of the Alps ranges from 
10,000 to 12,000 feet. The highest peak, Mont 
Slanc, 15,787 feet, it the culminating point of the 
European continent. Maderhorn and Monie Rota 
are but little inferior in height. On the south- 
west the system is continued to the Atlantic by 
the Cevennesand adjoining ranges in France, and 
the Pyrenees and Cantabrian in the northern part 
of the Spanish peninsula. The Pyrenees are an 
elevated range, with peaks over 11,000 feet high. 
On the east the system extends in two curves to 
. the Black Sea by the Carpathian and Transylva- 
nian Mountains on the north, and the Dinaric 
Alps and the Balkan Mountains on the south. 

124. Siviaiont of Predominant System. — The 
predominant mountain-system of Europe may be 
conveniently regarded as consisting of a central 
body or axis, the Atpt, with six projections or 
limbs — three on the north, and three on the south. 

The three divisions on the north include — 

The Weitem Diviiion, or the mountains of 
France, including the mountains lying west of 
the valleys of the Rhine and the Rhone ; 

The Central SiTiaion, or the mountains of Ger- 
many, situated between the Westen) Division and 
the upper valleys of the Oder and the Danube ; 

The Eastern Dinaion, or the mountains of 
Austria-Hungary, situated between the Central 
Division and the Black Sea. 

These divisions contain a highly complicated system of 
minor elcvMions. Their complexity is due to the fre- 
qaent ititcrsectian of the north-eastern and north-western 
treiidB. Basin -shaped pla' 



Tmnaylv. 









The Western Division includes most or the 
of France, as the Cevenncs, 
and the Vosges Mountaina. 

The Central Division iuctudea the Jura Houutaitm in 
Switzerland, the Swiss and the Bavarian plsteans, the 
Black ForfSt Mountains, the Harta Mountains, and the 
Bohemian plateau. 

Tbe Eaatem Dlvlalon includes most of the monnUlus 
of Austria, as the Carpathians, the Hungarian Foieat, and 
the Tiansylvanian Monntains. 

1 the south are the 



125. The three projectio 



three mountainous peninsulas of Southern Eu- 
n>pe: 

Tbe Iberian Fenlnanla, including Spain and 
Portugal ; 

The Italian Penuunla ; 

Tbe Torco-Grecian Peniniola. 

The Il>erlan Fenlneuls.— Tbe princl|nl mountains m* 
the Siem Estrella, tbe monntains of Caatilt, and tbe 
Sierra Nevada. Tbe Pyrenees separate th« Peninsula from 
France. The Cantabrian Mountains extend along tbe 
norlbom coast. 

Tbe Italian Peninsula contains the Apennines, ex- 
tending mainly in tbe direction of the north-westeia 

Tbe Turco-Or«oian Peninsula.— The Dinaric Alp* 
extend along the coast of tbe Adriatic ; the Balkan Honn- 
tains extend from east to west, through Turkey ; and the 
Pindus from north to south, through Turkey and Greece. 

126. The Secondary Mountaia-^yitemi of Ea- 
rope comprise the system of the Scandinavian 
peninsula, tbe Ural Mountains, and tbe Cauc^ 
BUS Mountains. 

The System of the Scandinanan Fenininla 
includes the elevations of Norway and Sweden. 
With the exception of the Kiolen Mountains in 
the north, the system does not embrace distinct 
mountain- ridges, but consists mainly of a seriee 




Fig. 43. Fiord an iDrwij Coast 

of broad plateaus that descend abruptly on the 
west in numerous deeply-cut valleys called fiortU, 
through which the sea penetrates nearly to the 
heart of the plateaus. Fiords are valleys that 
were deeply eroded by slowly moving maaaee of 
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84. PecnliaritiM in the Dirtribntion of the 
Land: 

(1.) The continents e:xtend farther to the north 
than to the wutA. 

(2.) The land massee are crowded together near 
the north pole, which they surround in the shape 
of on irregular ring. 

(3.) The three main Bouthern projections of 
the land — South America, Africa, and Australia 
— are separated from each other by extensive 
oceans. 

85. Land and Water Hemispherea. — The ac- 
cumulation of the land in the north and its sepa- 
ration in the south lead to a curious result — nearly 
aii the land is collected in one hemisphere. 

If one point of a pair of compasses be placed at 
the north pole of a globe, and the other stretched 
out to reach to any point on the equator, they 
will describe on the surface of the globe a great 
circle, and consequently will divide the globe into 
hemispheres. If, while they are stretched this dis- 
tance apart, one of the points be placed at about 
the city of Ixindon, a circle swept with the other 
point will divide the earth into land and water 
hemispheres. Such a great circle would pass 
through the Malay Peninsula and the coast of 
Peru. 

The Land Hemisphere contains all of North 
America, Europe, and Africa, and the greater part 
of South America and Asia. The Water Hemi- 
sphere contains tbe southern portions of South 
America, the Malay Peninsula, and Australia. 




Fig. 33. Lud ul Wat«i SamlipliMM. 

86. Doable Continentt. — The six grand divis- 
ions or continents may be divided into three pain, 
called Double or Twin Continents. 

Each Double Continent consists of a northern 
and southern continent, almost separated ^m 
each other, but connected by a narrow isthmus 
or island chain. 

The three double continents are North and 
South America, Europe and Africa, and Asia 



and Australia. There are, therefore, three nortl^ 
em and three southern continents. 

The northern continents lie almost entirely in 
temperate lalitiuiee, while the aotitJiem He mainfy 
in the tropia. 

87. Linet of Trend. — The study of any map 
of the world on a Mercator's projection will dis- 
close the following peculiarities in the earth'* 
structure : 

There are iw> great systems of courses, trends, or 
lines of direction, along which the shores of the con- 
tinents, the mountain-ranges, the oceanic basins, and 
the island chains extend. 

These trends extend in a general north-easterly 
and north-westerly direction, and intersect each 
other nearly at right angles. 

North-«aet Trends. — A stmigbt rnler can be ao pUeed 
along the Bouth-eastem coastB of Qreenland aud the sooth- 
eaatern coasts of Iforlh America that ite edge will toacb 
most of tbeir shore liuea. Its general direction will be 

It can be similarl; placed along the south-eaalern coast 
of Sonth America, tbe nortb-irestem coast of Africa, and 
most of the neatem coast of Europe ; along the south- 
eastern coasts of Africa ; the sooth-eastern coast of Uin- 
dostan ; and along the eastern coast of Asia, without ita 
general direction differing much from ni>rlA-«a«l. 

Nortb-west Trends.— A straight ruler can be so placed 
as to touch most of tbe western Ehores of North America 
and part of the western coast of South America; moat 
of the western coasts of Greenland, or tbe north-eastern 
coasU of Kortb America, and part of tbe western coaata 
of Africa. All these couraea arc sensibly Korth-tcrit. 

If placed with one end at the mouth of tbe Hackeniia 
Blver, and the other on the south-western eitremit; of 
Lake Hichiitan, it will cut nearly all the great lakes in 
Central British America. Tbe direction of the island 
chains of tbe Pacific Ocean in particular ts characterized 
by these two trends, many of tbe sepniate islands beinf 
elongated in the direction of tbe trend of their cbun. 

88. Continental Contrasts. — The main pro- 
longation of the western continetit extendi in the 
line of the north-weitcm trcJid, while thai of the 
eaetem continent extends in the line of the north- 
eastern trend. The axes of the continents, or 
their lines of general direction, therefore, inter- 
eect each other nearly at right angles. 

The western continent extends far north and 
south of the equator, while the eastern lies mainly 
north of the equator. The Western Continent, 
therefore, is characteriied by a diversity of cli- 
mates; the Eastern Continent, by a similarity. 
The distribution of vegetable and animal life 
in each continent is necessarily affected by the 
peculiarities of its climate. 

It is from the prevalence of the lines of trend that the 
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geneiml shape of the continents is mainly triangular. An 
excellent system of map^rawing has been devised on this 
peculiarity. 

The following peculiarities exist in the coast 
lines of the continents : 

The eocut lines of the northern continents are 
very irregular^ the shores being deeply indented 
with gutfs and bays, while those of the southern con- 
tinents are comparatively simple and unbroken. 

The continents are most deeply indented near 
the regions where the pairs of northern and south- 
em continents are nearly separated from each 
other. These regions correspond with the lines of 
great volcanic activity, and appear to be areas over 
which considerable subsidence has occurred. 

The continents differ greatly from one another 
in their indentations. Europe is the most indented 
of all the continents. The area of her peninsulas, 
compared with that of her entire area, is as 1 to 4. 
Asia comes next in this respect, the proportion 
. being 1 to 5i, while in North America it is but 
1 to 14 

The following Table gives in the first column the area 
of each of the continents, in the second the length of coast 
line, and in the third the number of square miles of area 
to one mile of coast line : 
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Asia 

Africa 

North America.. 
South America... 

Europe 

Australia 



AftBA. 



17,500,000 sq. miles. 
12,000,000 

8,400,000 

6.500,000 

3,700,000 

3,000,000 



« 
•I 
« 





8q.m.of 




■urfaoe 


OOAIT UMB. 


for 1. m. 




ifcoMt 


35,000 miles. 


500 


16,000 *« 


750 


22,800 " 


368 


14,500 " 


449 


19,500 " 


lUO 


10,000 " 


300 



Europe has, in proportion to its area, 
About three times as much coast line as Asia. 
About four times as much as Africa. 
About twice as much as North America. 
More than twice as much as South America. 

Europe is the most, and Africa the lead, deeply 
indented of the continents. 
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CHAPTER III. 

Islands. 



89. Eelative Continental and Ininlar Areas. — 
Of the 53,000,000 square miles of land, nearly 
3,000,000, or about one-sevetUeenih, is composed 
of islands. 

90. Varieties of Islands. — Islands are either 
continental or oceanic. 

Continental Islands are those that lie near the 



shores of the continents. They are continuations 
of the neighboring continental mountain-ranges 
or elevations, which they generally resemble in 
geological structure. They may, therefore, be r«- 
garded as projections of submerged portions of the 
neighboring continents. Continental islands have, 
in general, the same lines of trend as the shores of 
the neighboring mainland, 

Ck>ntinental islands, as a rule, are larger than oceanic 
islands. This is caused by t!ie shallower water in which 
continental islands are generally situated. Papua and 
Borneo have each an area of about 250,000 square miles; 
either of these islands is more than twice as large as the 
combined areas of Great Britain and Ireland. 

9L American Continental Island Chains. 

(1.) The Arctic Archipelago comprises the 
large group of islands north of the Dominion 
of Canada. It consists of detached portions of 
the neighboring continent. 

(2.) The Islands in the Onlf of St. Lawrence 
and its neighborhood are apparently the northern 
prolongations of the Appalachian mountain-sys- 
tem. 

(3.) The Bahamas lie off the south-eastern coast 
of Florida, to which they belong by position and 
structure. Their general trend is north-west 

(4.) The West Indies form a curved range, 
which connects the peninsula of Yucatan with 
the coast-mountains of Venezuela. Here both 
trends appear, though the north-western pre- 
dominates. 




Hg. 33. West India Iilsnd Ohain. 
1, Cuba; 2, Hayti; 3, JanuLicA; 4, Porto Bico; 6, Caribbee Idands, 
8, BahamM. 

(5.) The Aleutian Islands form another cur>'cd 
range, which connects the Alaskan Peninsula with 
Kamtchatka; their general trend is north-east. 
Thev are connected with the elevations of the 
North American continent 
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(6.) The Islands west of the Dominion of Can- 
ada and Alaska. These are clearly the summits 
of submerged northern prolongations of the Pa- 
cific coast ranges. 

(7.) The Islands of the Patagonian Archi- 
pelago are the summits of submerged prolonga- 
tions of the Andes of Chili. 

92. Asiatic Continental Island Chains consist 
of a series of curved ranges extending along the 
entire coast, and intersecting each other nearly at 
right angles. 

(1.) The Knrile Islands are a prolongation of 
the Kamtchatkan range. 

(2.) The Islands of Japan extend in a curve 
from Saghalien to Corea. 

(3.) The Loo Choo Islands extend in a curve 
from the islands of Japan to the island of For- 
mosa. 

(4.) The Philippines form two diverging chains, 
which merge on the south into the Australasian 
Island chain. The eastern chain extends to the 
southern extremity of Celebes, and the western 
to that of Borneo. 

The Asiatic chaiDS belong to a submerged mouDtain- 
range extending from Kamtchatka to the Sunda Islands. 
Their general direction is parallel to the elevations of the 
coast. 

93. The Australasian Island Chain. 

The Australasian Island chain is composed of 
a number of islands extending along curved 
trends over a length of nearly 6000 miles, from 
Sumatra to New Zealand. The islands extend 
along three curved lines, whose general direction 
is north-west 




Fig. 34. Australasian Island Chain. 
1, Sumatra ; 2, Java ; 3, Sumbawa ; 4, • Floras ; 5, Timor ; 6, Borneo ; 
7, Celebes; 8, Gilolo; 9, Ccram; 10, Pupua; 11, Loui«iado Archipel- 
ago ; 12, New Caledonia; 13, New Zealand; 14, Admiralty Islandii; 
16, Solomon's Archipelago; IC, Santa Cruz; 17, New Hebrides. 



The Australasian chain was probably connected with tho 
Asiatic continent during recent geological time, and sepa- 
rated from it by subsidence. Its numerous volcanoes and 
coral formations prove that subsidence is still taking 
place. 

94. Pecnliarity of Distribntion. — ^The follow- 
ing peculiarity is noticed in the distribution of 
continental islands: 

Each of the continents has an island, or a group 
of islands, near its south-eastern extremity. For 
example. North America has the Bahamas and 
the West Indies ; Greenland has Iceland ; South 
America has the Falkland Islands; Africa has 
Madagascar; Asia has the East Indies; and 
Australia has Tasmania. 

95. Oceanic Islands are those situated far away 
from the continents. They occur either in vast 
chains, which generally extend along one or the 
other of the two lines of trend, or as isolated 
groups. 

Oceanic Island Chains. 

The following are the most important : 

(1.) The Polynesian Chain ; 

(2.) The Chain of the Sandwich Islands ; 

(3.) The Tongan or New Zealand Chain. 




Fig. 35. Polynesian Island Ohain. 
1, Marquesas; 2, ]*aun)otu ; 3, Tahitian ; 4, Kunitu group; 5, Her- 
Tey group; 6, Sanioan, or Navigator's; 7, Vakaafo group; 8, Vaitupu; 
9, KingsmlH; 10, Ralick; 11, KoUack; 12, Carolines; 13, Sandwich. 

The Pol3rne8ian Chain consists of a series of 
parallel chains, extending from the Paumotu and 
the Tahitian Islands to the Carolines, the Ralick, 
and the Radack groups. Their general direction 
is norih'We^t; the total length of the chain is 
about 5500 miles. 

The Chain of the Sandwich Islands extends in 
a north-westerly direction. Its length is about 
2000 miles. 

The New Zealand Chain extends north-east as 
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iar as the Ton^ lelandB, cutting the Australasian 
chain at right angles. 

96. IsoUted Oceanic Iilandi are mainly of two 
kinds: the Volcanic and the CoraL As a rule, the 
Volcanic islands are high, while Coral islands sel- 
dom rise more than twelve feet above the water. 

Toloanlo lalanda are not confined to isolated 
groups, but occur also in long chains. The Foly- 
nedan, Sandwich, and New Zealand Chains con- 
tain numerous volcanic peaks. But the high, uo- 
lated oceanic islands are almost al-wayt of volcanic 
origin, and, conebting of the summits of subma- 
rine volcanoes, are generally small. Some of the 
Canary and Sandwich Islands, which are of this 
class, rise nearly 14,000 feet above the sea. 

97. Coral Idanda, or Atolli, though of a great 
variety of shapes, agree in one particular : 

TAey coruMt of a tow, narrow rim of coral roeh, 
enclosing a body of water called a lagoon. 
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98. Hode of Formation of Coral Islands.— The 
reef forming the island is of limestone, derived 
from countless skeletons of minute polyps that 
once lived beneath the surface of the waters. 
The skeletons, however, are not separate. The 
polyp propagates its species by a kind of bud- 
ding ; that is, a new polyp grows out of the body 
of the old. In this way the skeletons of count- 
less millions of poiyps are united in one mass and 
assume a great variety of shapes. 

One of the most common species of reef-formlnft car*U, 
the madtepora, is shown in Fig. 37. Muiy other forms 
exist. 

The delicate cnral structures, together with 
shells from various shellfish, are ground into frag- 
ments by the action of the waves, and by the in- 
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filtration of water containing lime in solution, 
they become compacted into hard limestone, on 
which new coral formations grow. 

The growth of the coral mass is directed up- 
ward, and ceases when low-water mark b reached, 
because exposure to a tropical sun kills the polyps. 
But the action of the waves continues, and the 
broken fragments are gradually thrown up above 
the general level of the water. In this way a reef 
is formed, whose height is limited by the force of 
the waves, and seldom exceeds twelve feet. 

On the bare rock, which has thus emerged, a 
soil is soon formed and a scanty vegetation ap- 
pears, planted by the hardy seeds scattered over 
it by the winds and waves. 

The coral Island never affords a very comfortable nal- 
dencc for nisn. Thv palm tn^ is almost the only valuable 
vegetabluapecli-a; the animals are f.'W and Bmall, and the 
arable soil is limitt'd. Moreover, thv island is subject to 
occasional iiiundatiuus by huge navca from the ocean. 

99. Sistribntion of Coral Islands. —According 
to Dana, the reef-forming coral polyp is found 
only in repions where the winter temperature 
of the waters is never lower than 68" Fuhr. 
Some varieties, however, will grow in colder 
water. Coral islands are confined to those parts 
of tropical vxiters where the depth does not grenthj 
exceed UiO feet, and vhirh are protected from cold 
ocean-currents, from the influence of fresh river- 
waters, mtidd// bottoms, and remote from active vol- 
canoes, whose occasional submarine action caiises 
the death of the coral polyp. Though some coral 
polyps grow in quiet water, the greater part thrive 
best when exposed to the breakers. The growth is 
therefore more rapid on the side toward the ocean 
than on the side toward the island. 
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f CHAPTER IV. 

Relief Forms of Ihe Land. 

103. By the Fonu of Belief of the Land is 
meant the elevation of the land above the mean 
level of the sea. 

The hif,'hcHt land in the world is Mount Ever- 
ext, of the Himalayae; it ifl 29.0(KI feet high. 
The ^Tentift depnwion is the Dead .Sea, in Pales- 
tine, which id alwut 1312 feet below the level of 
thi^ (iccun. The gum of these is somewhat lea 
than six mileit. 

An elevation of mix tnile^ is insignificant when 
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compared with the size of the earth. If repre- 
sented on an ordinary terrestrial globe, it would 
be scarcely discernible, since it would project 
above the surface only about the y^^th of the 
diameter. The highest elevations of the earth are 
proportionally much smaller than the wrinkles on 
the skin of an orange. 



B 




Fig. 39. BeUtire Height of MoantAiai. 

If, as in Fig. 39. a sphere be drawn to represent the sise 
of the earth, its radius will be equal to about 4000 miles. 
If, now, the line A B be drawn equal to the radius, it 
will represent a height of 4000 miles. One-half this 
height would be 2000 miles; one-half of this 1000, and 
successive halves 500 and 250 miles. An elevation of 250 
miles would not therefore be very marked. 

Although the irregularities of the surface are 
comparatively insignificant, they powerfully affect 
the distribution of heat and moisture, and conse- 
quently that of animal and vegetable life. An 
elevation of about 350 feet reduces the tempera- 
ture of the air 1** Fahr. — an effect equal to a 
difference of about 70 miles of latitude. High 
mountains, therefore, though under the tropics, 
may support on their higher slopes a life similar 
to that of the temperate and the polar regions. 

103. The Eelief Forms of the Land are divided 
into two classes : 

Low Lands and High Lands. 

The boundary-line between them is taken at 
1000 feet, which is the mean or average elevation 
of the land. 

Low Lands are divided into plains and hills. 

High Lands are divided into plcUeatis and 
mountains. 

If the surface is comparatively flat or level, it 
is called a plain when its elevation above the sea 
is less than 1000 feet, and a plateau when its ele- 
vation is 1000 feet or over. 
6 



If the surface is diversified, the elevations are 
called hills when less than 1000 feet high ; and 
mountains when 1000 feet or over. 

104. Plains and HiUs cover about one-half of 
the land surface of the earth. In the Eastern 
Continent they lie mainly in the north; in the 
Western, they occupy the central portions. 

Plains generally owe their comparatively level 
surface to the absence of wrinkles or folds in the 
crust, in which case the general level is preserved, 
but the surface rises and falls in long undulations: 
these may therefore be called undulating plains. 

The flat surface may also be due to the gradual 
settling of sedimentary matter. In this case the 
plains are exceedingly level They are called 
marine when deposited at the bottom of a sea or 
ocean, and alluvial when deposited by the fresh 
water of a river or lake. Alluvial plains occur 
along the lower course of the river or near its 
mouth. 

Marine and alluvial plains, from their mode of forma- 
tion, are geneiallj less elevated than undulating plains. 

105. Plateans are generally found associated 
with the mountain-ranges of the continents. Their 
connection with the adjacent plains is either cJh 
rupt^ as where the plateau of Anahuac joins the 
low plains on the Mexican Gulf; or gradual, as 
where the plains of the Mississippi Valley join 
the plateaus east of the Rocky Mountains. 

106. Mountains. — In a mountain-chain the 
crest or summit of the range separates into a num- 
ber of detached portions csMcd peaks; below the 
peaks the entire range is united in a solid mass. 

The breaks in the ridge, when extensive, form 
moun ta in-passes. 

The influence of inaccessible mountains, like the Pyr- 
enees and Himalayas, in preventing the intermingling of 
nations living on their opposite 8id(^s, is well exemplified 
by history. In the past, mountains formed the boundaries 
of different races. Some mountains, like the Alps and the 
Appalachians, have numerous passes. 

A Mountain-System is a name given to several 
connected chains or ranges. Mountain-systems 
are often thousands of miles in length and hun- 
dreds of miles in breadth. 

The Axis of a Mouniain-system is a line extend- 
ing in the general trend of its chains. 

Where several mountain-axes intersect one an- 
other, a complicated form occurs, called a Moun* 
tain-Knot. 

The Pamir Knot, formed by the intersection of the 
Karakorum, Belor, and Hindoo-Koosh Mountains, is an 
example. It lies on the southern border of the elevated 
plateau of Pamir. 
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Fig.iO. A HonnUln-Pui. 

107. Orology treats of mountains and their 
formation. 

The force which upheaved the crust into moun- 
tain-mas^s and plateaus had i'I-k origin in the 
coniraetion of a cooling globe. There are good 
reasons for believing that no extensive mountains 
existed during the earlier geological iige§, since 
the crust wa* then very thin, and would have 
been fractured before eufGcient force could accu- 
miilntc to u|iheave it iuto mountain- masses. 

The great mountain-systeniii of the world are 
formed from sodimentary deposits that slowly ac- 
cumulated over extended areas until they acquired 
very preat thickness. The de|>OHils forming the 
Appalachians, according to Dana, were, in places, 
40,000 feet in depth, and covered the eastern bor- 
der of thu continent from New York to Alabama, 
varying from 100 to 200 miles in breadth. 

After the aceumnlntiun of the*e strata they 
were, through the contraction of the crust, sub- 
jected to the [gradual effect,-; of lateral pressure, 
by which they were sometimes merely flexed or 
folded, but more frequeutly crushed, fractured, or 
mashed together, and thus thickenctl and thrust 
upward. That side of the deposit from which 
the thrust came would have a steeper slope than 
the opposite side, which received a thrust arising 
from the resistance. 



This theory of mountain-formation, which U 
generally accepted, explains the following fa^rts: 

(1.) All mountains have two slopes — a short 
steep slope, facing the ocean, and a long gentle 
slope, facing the interior of the contineni. 

(2.) The strata on the short steep slope are 
generally highly metamorphosed ; those on th« 
long slope are in general only partially metamor- 
phosed, or wholly unchanged. 

(3.) The mountain -systems are situated on the 
borders of the continents where the sedimentary 
strata collected. 

(4.) ^aty eteavage,, or the readiness with which 
so many of the rocks of mountains cleave or split 
in one direction, is a proof of these rocks having 
been subjected to intense, long-acting, lateral pres- 
sure, since such pressure can be made to develop 
slaty cleavage in plastic material. 

Isolated Mountains,— Ntnrly all high isolated moun- 
tains were rormcd iiy (li(> pjpclion of igoeoua rocks from 
the interior ; that in, they are of volcanic orifjin and have 
been nphcavH) b<r a vertical strain or true pnijectlle force* 
aa in the volKaoic range of Jornllo in Meiico. 

lOB. Valleys in mountainous regions are either 
longiliidina! or tTansvene. 

Longitndinal Valleys are those that extend in 
the direction of the length of the mountains. 

Transverse Valley* extend across the moun- 
tain. It is in transverse valleys that must passes 
occur. 



Althonnh valleya, like mo 


ntnins, owe their origin to 


the contraction of a coolinK c 


HBt, vet their present abapea 


are tuodlAiM] bv the oixTsti 


n of other forces. Bv the 


Bctloti of their water-conrfics 


rallejs are deepened in one 



place and filled up In another. Extenitive land-slides often 
alter their confiitanit ion. Diirinftthe Glacial Period many 
vulleys vrere BrcHtlf ehantccd hy liiu action of huge mov- 
ing ninsaes of ice. Fiord-valleyB were formed in thii 

In level countries valleys generally owe their 
origin to the eroding power of water. 

109. Pecnliarities of Continental Reliefs. — 
The following peculiarities are noticeable in the 
relief forms of the continents: 

fl.) The foutinenU have, in general, high 6or- 
den iind a low iiilerior. 

(2.) The highest border lie» nearest the deep- 
est ocenn; henee, the eubiiitinting poivi, or the 
highfM point of land, (tea out of the centre of the 

(3.) The greatest prolongation of a continent 
M always that of its predominant mountain-eyt- 
teni. 

(4.) The prnaiUng trends of the mouidain- 
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matMt are t/ie tame <u those of the eooH linea, and 
are, in gejieral, either north-east or north-vxtt. 

In describing the relief forma of the continente 
we shall observe the following order: 

(1.) Tbfl Fzfldomuunt Syitem, or a system of 



elevatioDS exceediag all others in height, and con- 
taining the culminating point of the continent. 

(2.) The Secondary BrBtam or flyiteiu, inferior 
to the preceding in height. 

(■1.) The Great Low PUiu. 




Fig. 41. Ongnphlo Chut of ITortb Amtiiob (Uslit ponloiu, m> 
I, Bock)' Nonnuln Bjtttm; E, ajtttm at Ike Stem Neiids Hd GHsds Bug«; 3 
inMliif! E, ApfHluhlui; 1, PUt»ii oT Ubndori R. BHfbl gf Lud; *, Antic P 



iMIns: abaded portloDi. pUlu.) 
Itns Hidrr; t, OittI InMrlor PUl« 
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/>^ CHAPTER V. 
Relief Forms of the Continents. 
I. NORTH AMERICA 

110. Snrfiue Strnotnre. — The Predominant 
Mountain-System lies in the west. 

The Secondary Systems lie in the east and north. 

The Great Low' Plains lie in the centre. 

IIL The Pacific Honntain-Syitem, the pre- 
dominant system, extends, in the direction of the 
greatest prolongation of the continent, from the 
Isthmus of Panama to the Arctic Ocean. It con- 
sists of an immense plateau, from 300 to 600 
miles in breadth, crossed by two nearly parallel 
mou nta in -systems : the Rocky Mountains on the 
east and the system of the Sierra Nevada and 
Cascade ranges on the west. The eastern moun- 
tain-system b highest near the south ; the west- 
ern range is highest near the north. Between 
these lie numerous parallel ranges enclosing lon- 



gitudinal valleys, connected in places by trans- 
verse ranges forming basin-shaped valleys. 

The Rooky Honntain Syatem. — The Rocky 
Mountains rise from the summits of a plateau 
whose elevation, in the widest part of the system, 
varies from 6000 to 7000 feet above the sea; 
therefore, although the highest peaks range from 
11,000 to nearly 15,000 feet, their elevation above 
the general level of the plateau is comparatively 
inconsiderable. The pluteau on the east rises by 
almost imperceptible slopes from the Missisgip[M 
River. The upper parts of the elopes, near the 
base of the mountains, form an elevated plateau 
called the "Plains," over which, at one time, 
roamed vast herds of buflalo or bison. This ani- 
mal is rapidly becoming extinct. 

Thangh the name " Rock; HouDtains" U generally con- 
Bnci (□ those parts of tbo chain which extend throajih 
British America and the United Slates, yet, in connrclion 
with the Sierra Nevada Monntains, it is continued throDf[h 
Heiiro by the Sierra Madre Mountains, end by fimaller 
nn|{ea to the Iithmui of Panama. 
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Fig. 42. OnthsPluDi. 

The Rocky Mountain System forms the great 
watershed of the continent, the eastern slopes 
draining mainly thruugh the Mississippi into the 
Atlantic, and the western slopes draining through 
the Columbia and the Colorado into the Pacific. 
It slopes gradually upward from the Arctic Ocean 
toward the Mexican plateau, where it attains ita 
greatest elevation in the volcanic peak of Popo- 
catepetl, 17,720 feet above the stii. 

The System of the 8ieira Nevada and Cascade 
Mountains extends, in general, parallel to the 
Rocky Mountain System. It takes thi name of 
Sierra Nevada in California and Nevada, and of 
the Cascade Mountains in the remaining portions 
of the continent. It reaches its greatest eleva- 
tion in Mount St. Elias, in Alaska, 19..500 feet 
above the sea. Thu iW Ihe culminating point of 
the NoriJi American continent. 



In the broadest part of tbc plateaa of the Pacific ayatem, 
between the Wahsntch Mountains an the east, and the 
Blcrra Nevada and Coxcade ranges un the west, lies the 
pUttaa of the Oreat Baain. Its hi)[h mountain borders 
rob tlie winds of their moislare, and tbe rainfall, except 
on the moantaiu-slopea, is inconsiderable. The UreaC 
Banln hoa a true inland dmiuagc. 

The heights of all monntaiiis, except those mnch fre- 
quented, must geuerBll)' be regBrded aa but eood approii- 
matioos, since the methods em pi ojed for estimating heights 
reqairo great precautions to secure trBstworthy resaltt. 
Even the culminating points of all the conttneutB bavo 
Dot, as yet, been accurately aacertuined. 

U2. The Secondary Honntain-Systenu of Hortli 
America comprise the Appalachian system, the 



Plateau of Labrador, the Height of Land, and 
the Arctic Plateau. The last three have but an 
inconsiderable elevation. 

The Appalachian Mountain System consists of 
a number of nearly parallel chains extending 
from the St. Lawrence to Alabama and Georgia. 
It is high at the northern and southern ends, and 
slopes gradually toward the middle. The highest 
peaks at cither end have an elevaUon of about 
6000 feet. 

The Appalachian sj-steni is broken by two deep depret- 
lionsi, tTBrersed by tlic Hudson and Mobawk Rivera. Be- 
tweeo the foot of the system and the ocean lies a low coast 
plain, whoso width varies from 50 to 250 miles. 

113. The Great Low Plain of ITortb America 
lies between the Atlantic system on the east and 
the Pacific system on the west. It stretches from 
the Arctic Ocean to the Gulf of Mexico. 

Near the middle of the plain the inconsider- 
able elevation of the Height of Land divides it 
into two gentle slopes, which descend toward the 
Arctic Ocean and the Gulf of Mexico. A gen- 
tle swell extending from north-west to south-east 
divides the northern portion of the plain into 
two parts. The eastern and western basins, so 
formed, are connected by a break in the water- 
shed, through which the NcImu River empties 
into Hudson Bay. 

The southern part of the plain is traversed, is 
its lowest parts, by the Mississippi River. 



114. The Eelief Forms of a Continent are best 
understood by ideal sections, in which the base 
line represents the sea-level, and the scale of 
heights on the margin represenu the elevation 
of the various parts. 



In all anch sections the vi 



are necessarily greatljf exaggerated. 



il dimcusiona of the land 




IIG. Approximate Dtmensiona of North AmerloB. 

Greatest breadth from east to west, about 3100 miles. 
Greatest length from north to south, about 4500 mileA 
Coast line, 23.800 miles. 
Colminating point, Mount St. Eiia^ 19,.50O feet. 
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Fig. H. Ora^mpblo Ohut af Bootli Anniot. 

(Light portions, Qmunlalnt ; ihidcd ponloiu. plalni.) 

1, STiWm ol Uie AndH- I. PlUHnor QuLlo; 3, Plllau of Bollflk; 

«, AuDcmciim; G, Fkalou vT OnliiMi S. PUUau of BnUl ; 7, Ttaa 

Orlikoai 1 S^Tbe Amuon ; », Tb< U DuU. 

^^ II. SOUTH AMERICA. 

116. Soiiboe StrDctnre. — The PredomiDant 
Mountain-System of South America is in the west. 

The Secondary Systems are in the east. 
The Great Low Plain liea between them. 

117. The Syitem of the Andet, which extends 
along the western border of the continent, is the 
predominant mountain-tygtem. It is composed 
mainly of two approximately parallel chains 
separated by wide and comparatively level val- 
leys. On the north there are three chains, and 
on the south but one ; in the centre, mainly two. 
The chains are connected by transverse ridgee, 
fonning numerous mountain-knots. 

The Andes System forms a continuation of 
.the Pacific Mountain -System. A wide depression 
at the Isthmus of Panama marks their separation. 
From this point the Andes increase in height 
toward the south, probably reaching their high- 
est point in Chili, where the volcanic peak of 
Aconcagua, 23,910 feet, is believed to be the cul- 
minating point of South America, and of the Wed- 
em Continent. 

Nevada de Soral* w» formerly believed to be the cqI- 
mlnsting point of Soath America, btit t« 



of the obMTvatioDS have re«ilt«d In a los of neariy MOO 

feet of the aappoaed height of Sorata. Some aathoritHl 
Btill claim that levenl peaks in Bolivia reach an ele- 
vation of Dearl; 85,000 feet. 

The Andes Mountain-System terminates ab- 
ruptly in the precipitous elevations of Cape Horn. 

Numeroaa [able- lands are included between the p«t»Uel 
naget : the most imporUnt are— the plaUau of QaUo, OMS 
feet; theplaUau of Paiai, ia North Peru, 11,000 feet; Uie 
plattOH af BoiiTia, from 13,000 to 14,000 feet. Prom moat 
of theae higher plateaas valcaolc peaks arise. 

118. The Secondary Moantain-Syitemi of South 
America are the plateaut oj Brazil and Gviana. 
They both lie on the eastern border. 

The Platean of Braxil is a table-land whose 
average height is about 2500 feet. Narrow 
chains or ridges separate the river-v alleys. 

The plateau of Brazil forms the waU-rah«d between the 
tijbutariefi of the Amazon and the La Plal*. Along the 
Atlantic a moderalelj continuous ran^e descends in steep 
terraces to the ocean. The average altitude is more than 
doable that of the weelem portion of the plateaa. The 
highest peaks are somewhat over 8000 feet. 

The Plateau of Qniana, smaller than the Plateau 
of Brazil, but about equally elevated, forms the 
watershed between the Orinoco and the Amazon. 




Fig. 46. AmuoD Klnr SovBer;. 

119. The Great Low Plain of South Amerioa 
lies between the predominant and the secondary 
mountain -systems. It is mainly of alluvial origin, 
but slightly elevated, and is much more level than 
the great plain of North America. 

This plain it drained by the three principal river-a;*- 
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terns of the continent, by which it is divided into thne 
puts: the Llanof of the Ori»ceo, tht Sdvat af tke Amaam, 
md On Panpat of tilt La Platte. 

Tbe LlBnos are grtasj plains which, during the rain; 
Muon, resemble out pnuries, but during the dry weather 

Tbo Belvas, or forest plains, are covered hy an uninter- 
rapted luxuriant foreet. The vegetation here is so dense 
that in some places the broad rivers form the onl; ready 
means of croS»ing the conntry. Near the river-banks ara 
vast stretches of swampy ground. 

The Ftunpos are grasay pli^ns which in some respects 
rcaemble the Llanos. 

A coast plain lies between the Andes and the 
Pacific. It U widest near the Andes of Chili, 




Fig, 4fl. Bsotioa at Sooth America ftom Eut to WMt 
1, Talcuo ATeqclpn; Z, Uke TlUacmi 3, KeTkdi d< BonB; t, 
Cmtnl Plain; S. MannUlni or BnidL. 

where in some places it is 100 miles in breadth. 
Between the parallels of 27° and 23° the plain 



is an absolute desert, called the Desert of Ata- 
cama. Here rain never ialls and vegetation is 
entirely absent. 

180. Approximate DlmeoalonB of South Amerloa. 

Area of continent, about 6,500,000 square miles. 

Greatest breadth from east to west, 3S30 milea. 

Greatest length from north t« south, 4800 mileo. 

Coast line, 14,500 miles. 

Culminating point, Aconcagua, 23,910 feet. 

12L Contrasts of the Amerioat. — In both North 
and South America Ike predominant syaUm tUt in 
the west, the teeondary tygtemt t'n lAe east, and the 
lotB plains in the ceTtire. 

They difier in the following respects : 
In North America the predominant syttem ia a 
broad plateau, having high m ountain -ranges ; tha 
principal teeondary gyttem is narrow, and formed 
of parallel ranges; the kna plains are character- 
ized by undulations, and contain several deep de- 
pressions occupied by extensiTe lake-systems. 

In South America i\i^ predominant system is oar- 
row; the secondary systems are broad ; the low plain 
is aUuvial, extremely fiat, cotUains no depressions, 
and consequently no extensive lake-systems. 




Fig. 47. Orograpfalc Ohut of Ennips. (Lfihl portions, mountains ; shaded portions, plains.) 
I, Th* Alpi; S. Uonl Blinr; 3, fjmim: i. CBntibriu; S. Mem EttTFlla; 6. Slum Neiuli; T, MounUIni of Ci 
9, DCnaMc Alpi; IC. Billitn; 11, PiDdiu: 12. TKum>; 13, Oiacaiaa; 14, OfTennn: U. PUltoD of AuiFTgn«i 16, V«gM; ] 
Jon; IS, Hiiti; 20, B..ii«nil.>ii Pliutu; SI, CHrpMhliDi; S3, HDDguUn ronli A TnnijlTanliin Muunlaini; £4, Klolen I 



' ill. EUROPE. 

122. Surface Stmctnre, — ThQ Predominant 
Mountain -System ia in the south. 

The Secondary Systems are in the north and east. 



\U; e, ApeiiDlniat 
Bhck ForMl; 1^ 



The Great Low Plain lies between tbe Pre- 
dominant and Secondary Systems. 

A line drawn from the Sea of Aiov to the month of the 
Rhiuu Kiver divides Europe into two distinct physical 



RELIEF FORMS OF THE CONTINENTS. 



ngions. The Krwt loir pl«D lies od the north, uid the 
predominsDt moo ataio-ay stem od the soath. The coun- 
try north of tliia tine is gametimei Ctilled Lob Europe, and 
thM sontb of it, Hifk Europt. 

123. The Ptedominant ■onntain-Syitem of En- 
rope is composed of a highly complex series of 
mountain-iiysteina extending along the northern 
shores of the Mediterranean in a curve, from the 
Straits of Gibraltar to the shores of Asia Minor. 
The system is highest in the centre, where the 
Alps form the culminating point of the contiuenL 

The average elevation of the Alps ranges from 
10,000 to 12,000 feet. The highest peak, Mont 
Blanc, 15,787 /eet, i» the culminating point of the 
European continent. Matterhorn and Monte Rota 
are but little inferior in height. Oa the south- 
west the system is continued to the Atlantic by 
the Cevennes and adjoining ranges in France, and 
the Pyrenees and Cantabrian in the northern part 
of the Spanish peninsula. The Pyrenees are an 
elevated range, with peaks over 11,000 feet high. 
On the east the system extends in two curves to 
. the Black Sea by the Carpathian and Transylva- 
nian Mountains on the north, and the Dinaric 
Alps and the Balkan Mountains on the south. 

134. SiviBions of Predominant Syitem. — The 
predominant mountain-system of Europe may be 
conveniently regarded as consisting of a central 
body or axis, the Alps, with six projections or 
limbs — three on the north, and three on the south. 

The three divisions on the north include — 

The Western Division, or the mountains of 
France, including the mountains lying west of 
the valleys of the Rhine and the Rhone; 

The Central Division, or the mountains of Ger- 
many, situated between the Western Division and 
the upper valleys of the Oder and the Danube ; 

The Eastern Division, or the mountains of 
Austria-Hungary, situated between the Central 
Division and the Black Sea. 

These divisions contain a highly complicated systeni of 
minor elevations. Their tompleiity is due to the fre- 
quent inteisection of the oortti -eastern and nurth-weslern 
trends. BaaiD-shapcd plateaus, like the Buhomian and 
Tniiaylvanian. are tlius formed. 

The Western Division includes most of the mountains 
of France, as the Cevennes, the mountains of Auvfrgnc, 
and the Vus(^ Mountains. 

The Central DlvUlon includes the Jura Hounlaiiis in 
Switzerland, the Swiiw and the Bavarian pinteaus, the 
Black Forest Mountains, the Harts Mountains, and the 
Bohemian plateau. 

The Eastern Division includes most of the mountAina 
of Austria, as the Carpathians, the HungBTiaii Forest, and 
the TnnsflvaniaD Mountains. 

125. The three projections on the south are the 



three mountainous peninsulaa of Southern Eu- 
rope: 

The Iberiaa Peninsnlft, including Spain and 
Portugal ; 

The Italian Peninrala; 

The Tnrco-Orecian Peninsula. 

The Iberian Ponlnsula.— The princiiial mounti^na ata 
the Siena Eatrella, tbe mountains of Castile, and the 
Sierra Nevada. The Pyrenees separate the Peninsula from 
France. The Cautabrian Mountains eiteod along tbo 
northern coast. 

The Italian Peninsula contains the Apenniuea, ex- 
tending mainlf in the direction of tbe north-westem 

The Turco-Oreclan Peninsula.— The Dinaric Alfis 

extend along the coast of the Adriatic ; the Balkan Moun- 
tains citend from east to west, through Turkey ; and the 
PiodUB from north to south, through Turkey and Qreece. 

126. The Secondary Konntain-Systems of Eu- 
rope comprise the system of the Scandinavian 
peninsula, the Ural Mountains, and the Cauca- 
sus Mountains. 

The System of the Scandinaviaa Peniimla 
includes the elevations of Norway and Sweden. 
With the exception of the Kiolen Mountaios in 
the north, the system does not embrace distinct 
mountain- ridges, but consists mainly of a series 




Fig. 48. riord OD Horwaj 



of broad plateaus that descend abruptly on the 
west in numerous deeply-cut valleys calli-d fiordt, 
through which the sea penetrates nearly to the 
heart of the plateaus. Fiords are valleys that 
were deeply eroded by slowly moving maseee of 
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(6.) The Islands west of the Dominion of Can- 
ada and Alaska. These are clearly the summits 
of submerged northern prolongations of the Pa- 
cific coast ranges. 

(7.) The Islands of the Patagonian Archi- 
pelago are the summits of submerged prolonga- 
tions of the Andes of Chili. 

92. Asiatic Continental Island Chains consist 
of a series of curved ranges extending along the 
entire coast, and intersecting each other nearly at 
right angles. 

(1.) The Knrile Islands are a prolongation of 
the Kamtchatkan range. 

(2.) The Islands of Japan extend in a curve 
from Saghalien to Corea. 

(3.) The Loo Choo Islands extend in a curve 
from the islands of Japan to the island of For- 
mosa. 

(4.) The Philippines form two diverging chfdns, 
which merge on the south into the Australasian 
Island chain. The eastern chain extends to the 
southern extremity of Celebes, and the western 
to that of Borneo. 

The Asiatic chains belong to a submerged mountain- 
range extending from Kamtchatka to the Sunda Islands. 
Their general direction is paraUel to the elevations of the 
coast. 

93. The Australasian Island Chain. 

The Australasian Island chain is composed of 
a number of islands extending along curved 
trends over a length of nearly 6000 miles, from 
Sumatra to New Zealand. The islands extend 
along three curved lines, whose general direction 
is north-west. 




Fig. 34. Anitralasian Island Chain. 
1, Sumatra; 2, Java; 3, Sumbawa; 4, Flores; 5, Timor; G, Borneo; 
7, Celebw; 8, Gilolo; 9, Coram; 10, Papua; 11, Loulsiade Archipel- 
ago; 12, New Caledonia; 13, Nt»w Zealand; 14, Admiralty Inlands; 
16, Solomon's Archipelago; 16, Santa Cruz; 17, New Hebrides. 



The Australasian chaiu was probably connected with the 
Asiatic continent during recent geological time, and sepa- 
rated fVom it by subsidence. Its numerous volcanoes and 
coral formations prove that subsidence is stiU taking 
place. 

94. Peculiarity of Distribution.— The follow- 
ing peculiarity is noticed in the distribution of 
continental islands: 

Each of the continents has an island, or a group 
of islands, near its south-eastern extremity. For 
example, North America has the Bahamas and 
the West Indies ; Greenland has Iceland ; South 
America has the Falkland Islands; Africa has 
Madagascar; Asia has the East Indies; and 
Australia has Tasmania. 

95. Oceanic Islands are those situated far away 
from the continents. They occur either in vast 
chains, which generally extend along one or the 
other of the two lines of trend, or as isolated 
groups. 

Oceanic Island Chains. 

The following are the most important : 

(1.) The Polynesian Chain ; 

(2.) The Chain of the Sandwich Islands ; 

(3.) The Tongan or New Zealand Chain. 




Fig. 35. Polynesian Island Chain. 
1, Marquesas; 2, Paumotu: 3, Tahitian ; 4, Kunitu group; 5, IIer> 
Tey group; 6, Sanioan, or Navigator's; 7, Vakoufo group; 8. Vaitupu; 
9, Klngsmill; 10, Ralick; 11, Kaduck ; 12, Carolines; 13, Sandwich. 

The Pol3rne8ian Chain consists of a series of 
parallel chains, extending from the Paumotu and 
the Tahitian Islands to the Carolines, the Ralick, 
and the Radack groups. Their general direction 
is norih-weM; the total length of the chain is 
about 5500 miles. 

The Chain of the Sandwich Islands extends in 
a north-westerly direction. Its length is about 
2000 miles. 

The New Zealand Chain extends north-east as 



for as the Ton^ Islands, cutting the Australasian 
chaiD at right angles. 

96. Itolated Ooeanio Islsuda are mainly of two 
kinds: the Voleanic and the CoraJ. As a rule, the 
Volcanic islands are high, while Coral islands sel- 
dom rise more than twelve feet above the water. 

Toleanio lalandt are not confined to isolated 
groups, but occur also in long chains. The Poly- 
nesian, Sandwich, and New Zealand Chains con- 
tain numerous volcanic peaks. But the high, ito- 
lated oceanic islands are almost always of voloanie 
origin, and, coneisting of the summits of subma- 
rine volcanoes, are generally small. Some of the 
Canary and Sandwich Islands, which are of this 
class, rise nearly 14,000 feet above the sea, 

97. Coral lalands, or Atolls, though of a great 
variety of shapes, agree in one particular : 

They eonaiat of a low, narrow rim of coral roek, 
tnelonng a body of water called a lagoon. 




FI«.3B. ACoral&ilud. 

98. Hods of Formation of Coral lalands.— The 
reef forming the island is of limestone, derived 
from countless skeletons of minute polyps that 
once lived beneath the surface of the waters. 
The skeletons, however, are not separate. The 
polyp propagates its species by a kind of bud- 
ding; that ia, a new polyp grows out of the body 
of the old. In this way the skeletons of count- 
less millions of polyps are united in one mass and 
assume a great variety of shapes. 

One of the most common spectee of Teer-farmiDii oorali, 
the madrepora, U shown in Fig. 37. Many other fomw 
eilit. 

The delicate coral structures, together with 
shells from various shellfish, are ground into frag- 
ments by the action of the waves, and by the in- 




Fig.37. OnnL 



filtration of water containing lime in solution, 
they become compacted into hard limestone, on 
which new coral formations grow. 

The growth of the coral mass is directed up- 
ward, and ceases when low-water mark is reached, 
because exposure to a tropical sun kills the polyps. 
But the action of the waves continues, and the 
broken fragments are gradually thrown up above 
the general level of the water. In this way a reef 
is formed, whose height is limited by the force of 
the waves, and seldom exceeds twelve feet. 

On the bare rock, which has thus emerged, a 
soil is soon formed and a scanty vegetation ap- 
pears, planted by the hardy seeds scattered over 
it by the winds and waves. 

The coral island never affords a very comfortable reai- 
dciice for man. Tlit.' i>ulm tree is almost the only valuable 
vegetable spccii's; the animals are fi-w and small, and the 
arable Eoil is limited. Moreover, the island ia subject to 

99. Distribution of Coral Islanda. —According 
to Dana, the reef-forming cora,l polyp is found 
only in regions where the winter temperature 
of the waters is never lower than 68° Fahr. 
Some varieties, however, will grow in colder 
water. 0)ral island» are confined to those parts 
of tropical wafers where the depth does tiol greatly 
exceed 100 feet, and which are protected from cold 
ocean-currents, from the infltience of freak river- 
waters, muddy bottoms, and remote from active vol- 
canoes, whose occasional submarine action causes 
the death of the coral polyp. Though some coral 
polyps grow in quiet water, the greater part thrive 
best when exposed to the breakers. The growth is 
therefore more rapid on the side toward the ocean 
than on the side toward the island. 
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(6.) The Islands west of the Dominion of Can- 
ada and Alaska. These are clearly the summits 
of submerged northern prolongations of the Pa- 
cific coast ranges. 

(7.) The Islands of the Patagonian Archi- 
pelago are the summits of submerged prolonga- 
tions of the Andes of Chili. 

92. Asiatic Continental Island Chains consist 
of a series of curved ranges extending along the 
entire coast, and intersecting each other nearly at 
right angles. 

(1.) The Knrile Islands are a prolongation of 
the Kamtchatkan range. 

(2.) The Islands of Japan extend in a curve 
from Saghalien to Corea. 

(3.) The Loo Choo Islands extend in a curve 
from the islands of Japan to the island of For- 
mosa. 

(4.) The Philippines form two diverging chains, 
which merge on the south into the Australasian 
Island chain. The eastern chain extends to the 
southern extremity of Celebes, and the western 
to that of Borneo. 

The Asiatic chains helong to a submerged mountain- 
range extending from Kamtchatka to the Sunda Islands. 
Their general direction is parallel to the elevations of the 
coast. 

93. The Australasian Island Chain. 

The Australasian Island chain is composed of 
a number of islands extending along curved 
trends over a length of nearly 6000 miles, from 
Sumatra to New Zealand. The islands extend 
along three curved lines, whose general direction 
is north-west. 
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Fig. 34. AuBtTalasian Islaad Chain. 
1, Sttnuttra; 2, Java; 3, Sumbawa; 4, •Flores; 5, Timor; 6, Domeo; 
7, Celebes; 8, Gilolo: 9, Coram; 10, Papua; 11, Louiaiado Arcbipel- 
agu; 12, New Caledonia; 13, Now Zealand; 14, Admiralty Islands; 
16, SolomoD's Archipelago; 16» Saota Cruz; 17, New Uebridea. 



The Australasian chain was probably connected with tho 
Asiatic continent dnriug recent geological time, and sepa- 
rated fVom it by subsidence. Its nomerous volcanoes and 
coral formations prove that subsidence is stiU taking 
place. 

94. Pecnliarity of Distribution. — ^The follow- 
ing peculiarity is noticed in the distribution of 
continental islands: 

£acA o/ ihe eatUinenta has an island, or a group 
of islands^ near iis south-eastern extremity. For 
example. North America has the Bahamas and 
the West Indies ; Greenland has Iceland ; South 
America has the Falkland Islands; Africa has 
Madagascar; Asia has the East Indies; and 
Australia has Tasmania. 

95. Oceanic Islands are those situated far away 
from the continents. They occur either in vast 
chains, which generally extend along one or the 
other of the two lines of trend, or as isolated 
groups. 

Oceanic Island Chains. 

The following are the most important : 

(1.) The Polynesian Chain ; 

(2.) The Chain of the Sandwich Islands ; 

(3.) The Tongan or New Zealand Chain. 




Fig. 35. Polynesian Island Chain. 
1, Marquesas; 2, Haumotu ; 3, Tahitian ; 4, Kunitu group; 5, Her* 
Tey group; 6, Saniuan, or Navigator's; 7, YakaMfo group; 8, Vaitupu; 
9, Kingsmill; 10, Ra]ick; 11, Kotlack; 12, Carolines; 13, Sandwich. 

The Pol3rnesian Chain consists of a series of 
parallel chains, extending from the Paumotu and 
the Tahitian Islands to the Carolines, the Ralick, 
and the Radack groups. Their general direction 
is north-west; the total length of the chain is 
about 5500 miles. 

The Chain of the Sandwich Islands extends in 
a north-westerly direction. Its length is about 
2000 miles. 

The New Zealand Chain extends north-east as 



&r aa the Ton^ lelands, cutting the Australasian 
chain at right angles. 

96. Isolated Oceanic Island* are mainly of two 
kinds: the VoUanus and the Coral. Aa a rule, the 
Volcanic islands are high, while Coral islands sel- 
dom rise more than twelve feet above the water. 

Toleonio Iilanda are not confined to isolated 
groupe, but occur also in long chfuus. The Poly- 
nesian, Sandwich, and New Zealand Chains con- 
tain numerous volcanic peaks. But the Itigh, uo- 
laied oceanic islands are almost aiways of volcanic 
oWjnin, and, consisting of the summits of subma- 
rine volcanoes, are generally small. Some of the 
Canary and Sandwich Islands, which are of this 
class, rise nearly 14,000 feet above the sea. 

97. Coral IiUnds, or Atolla, though of a great 
variety of shapes, agree in one particular: 

They consist of a low, narrow rim of coral roek, 
endonng a body of waler called a lagoon. 




rig. 36. A Oona Iilud. 

98. Kode of Formation of Coral Islands.— The 
reef forming the island is of limestone, derived 
from countless skeletons of minute polyps that 
once lived beneath the surface of the waters. 
The skeletons, however, are not separate. The 
polyp propagates its species by a kind of bud- 
ding ; that is, a new polyp grows out of the body 
of the old. In this way the skeletons of count- 
less millions of polyps are united in one mass and 
assume a great variety of shapes. 

One of the most coamon Bpecies of reef.formini; conla, 
the madrepora, is ahown in Fig. 37. Hao; other fonoi 

The delicate cnral structures, together with 
shells from various shellfish, are ground into frag- 
inents by the action of the waves, and by the in- 
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filtration of water containing lime in solution, 
they become compacted into hard limestone, on 
which new coral formations grow. 

The growth of the coral mass is directed up- 
ward, and ceases when low-water mark is reached, 
because exposure to a tropical sun kills the polype. 
But the action of the waves continues, and the 
broken fragments arc gradually thrown up above 
the general level of the water. In this way a reef 
is formed, whose height is limited by the force of 
the waves, and seldom exceeds twelve feet. 

On the bare rock, which has thus emerged, a 
soil is soon formed and a scanty vegetation ap- 
pears, planted by the hardy seeds scattered over 
it by the winds and waves. 

The coral isknil never aflbrds a very comfortable real- 
denco for man. Tlic palm tree is almost the only valuable 
vegetable spt'CU's: the animals are few aiid small, and the 
arable soli ia limited. Moreover, the island is subject to 
occasional inundations by huge waves from the ocean. 

99. Sistribntion of Coral Islands.— According 
to Dana, the reef-forming coral polyp is found 
only in regions where the winter temperature 
of the waters is never lower than 68° Fahr, 
Some varieties, however, will grow in colder 
water. Coral island* are confined to those parts 
of tropical waters where the depth does not greatly 
exceed IfiO feet, and ichirh are protected from cold 
oeean-eurrenli, from the influence of fresh river- 
waters, mvdd;/ bottoms, and remote from active vol- 
canoes, whose occasional submarine action eausei 
the death of the coral polyp. Though some coral 
polyps grow in quiet water, the greater part thrive 
best when exposed to the breakers. The growA is 
therefore more rapid on the side toward the ocean 
than on the side toward the island. 
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Conl IslandB are most abaadaat in the Pacific Ocean. 
Tfas following groups coDtain Dumerous coral islands : 
the Piiumotiifl, the CarDlioes. the Radack, the lUlick, 
uid the KiDgsmill g:roupB, and tbe Ttthitiau, Samonu, 
uid Fei^ee Ifllands, and New Caledonia. 

fn Ihe hdiaa Ocean the Ijucadives and tbe Maldives are 
rocHl noted. 

Jn Ihe Altanlic Ocean the West Indies and tbe BcriDUdax 
are eiaoipliis. 

100, Varieties of Coral Formation!.— TA^re 

are Jour varieties of coral fonaatioM : 

(1.) Fringing ReefB, or narrow ribbons of coral 

rock, lying near the shoi'e of an ordinary island. 
(2.) Barrier Reeft, which are broader than 

Fringing Reefs, and lie at a. greater distance 

from the shore, but do not extend entirely around 

the island. 

A barrier reef off the Coast of New Caledonia has a 
length of 100 miles. One extends along the north-eastern 
shore of Australia for over 1000 milea. Barrier reefs are 
not continuous, but often have breaks in tbem througb 
which vessels caa readily pass. 

(3.) Encircling Beeb are barrier reefs extend- 
ing entirely around the island. As a rule, en- 
circling reefs are farther from the shores of the 
island than barrier reefe. Tahiti, of the Society 
Islands, is an example of an encircling reef. 

(4.) Atolls.— This name ia given lo reefa that 
encircle lagoons or bodies of water entirely free 
from islands. 

The varieties of reefe just enumerated mark 
successive st«p9 or stages in the progress of for- 
mation of the coral island. 

When a more careful study of the habits of the reef- 
forming roral poljrp disclosed the fact of its inability to 
live in the ocean at greater depths than 100 or 120 feet, 
the opinion, which furmerly prevailed, of coral islaoda 
rising from profound depths, had to be abandoned. Tbe 
Idea had its foundation in the fact that a sounding-line, 
thrown into the water near the shore of a coral island, 
almost iovariably showed depths of tboasands of feet, and 
yet brought up coral rock. In no case, however, did the 
rock contain living polyps. An ingenious hypothesis of 
Darwin, which appears well sustained by the cKtensive 
observations of Dana and others, eipiaina the great depth 
of coral foruitttions. 

lOL Darwin'a Theory of Coral lalands. — Ac- 
cording to this distinguished naturalist, the coral 
formation begins near the shore of an island that 
is slowly sinking. If the growth of the reef up- 
ward equals the sinking of the island, the thick- 
ness of the reef is limited only by the time during 
which the operation continues. 

In Fig. 3rt is shown, in plan and section, an island with 
elevationn A, and B, and river a. The coral island begins 
as a fria^ng r«/ somewhere off the coast of an ordinary 
tslaod at c, t, e, when the conditions are favorable. The 
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id tht ialand. since it* 
iward Ibe ocean is soon limited by the increasing 
depth, and towant the shore of Ihe island by the muddy 
waters near the surf and tbe absence of the breakers. 

Meanwhile, as the island is sinking, tbe channel sepa- 
rating tbe reef from the coast increases in breadth. A 
hirrier rief is thus formed, which at last completely sur- 
rounds the islaud, and becomes an encirctiag rerf. The 
higher portions of land, which are still above the waters, 

form islands in the eentnl laf^on. Oppo«it« tb« mouth 
of the river a, the growth ia prevented by the fresh wat«r, 
and a break in the reef is thus produced. These breaks 
are aomclimes sufBcient to permit a ship to enter tbe 
lagoon. At last all traces of the old ialaod disappear, and 
its situation is marked by a clear lake, surrounded by a 
narrow rim of coral which follows nearly the old ecait 
line. 

A coral island, therefore, is alvxtyt of an ap- 
proximately circular or oiml form, and encloaee a 
clear epace in the ocean. Extended gygtenu of eoral 
formations occurring in any region are a proof of 

subsidence. 



/ 



CHAPTER IV. 
Relief Forms of the Land. 

102, By the Forms of Relief of the Land ie 

meant the elevation of the land above the mean 
level of the sea. 

The highest land in the world is Mount Ever- 
est, of the Himalayas; it is 29,000 feet high. 
The greatest depression ia the Dead Sea, in Pales- 
tine, which is about 1312 feet below the level of 
the ocean. The aura of these is somewhat less 
than six miles. 

An elevation of six mites is insignificant when 
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compared with the size of the earth. If repre- 
sented on an ordinary terrestrial globe, it would 
be scarcely discernible, since it would project 
above the surface only about the iVinr^^ ^^ ^^^ 
diameter. The highest elevations of the earth are 
proportionally much smaller than the wrinkles on 
the skin of an orange. 



B 




Fig. 39. ReUtiTe Height of Monntaini. 

If, as in Fig. 39^ a sphere be drawn to represent the size 
of the earth, its radius will be equal to about 4000 miles. 
If, now, the line A B be drawn equal to the radius, it 
will represent a height of 4000 miles. One-half this 
height would be 2000 miles; one-half of this 1000, and 
successive halves 500 and 250 miles. An elevation of 250 
miles would not therefore be very marked. 

Although the irregularities of the surface are 
comparatively insignificant, they powerfolly affect 
the distribution of heat and mobture, and conse- 
quently that of animal and vegetable life. An 
elevation of about 350 feet reduces the tempera- 
ture of the air 1® Fahr. — an effect equal to a 
difference of about 70 miles of latitude. High 
mountains, therefore, though under the tropics, 
may support on their higher slopes a life similar 
to that of the temperate and the polar regions. 

103. The Belief Forms of the Land are divided 
into two classes : 

Low Lands and High Lands. 

The boundary-line between them is taken at 
1000 feet, which is the mean or average elevation 
of the land. 

Low Lands are divided into plains and hills. 

High Lands are divided into plateaus and 
mountains. 

If the surface is comparatively flat or level, it 
is called a plain when its elevation above the sea 
is less than 1000 feet, and a plateau when its ele- 
vation is 1000 feet or over. 
6 



If the surface is diversified, the elevations are 
called hills when less than 1000 feet high ; and 
mountains when 1000 feet or over. 

104. Plains and Hills cover about one-half of 
the land surface of the earth. In the Eastern 
Continent they lie mainly in the north; in the 
Western, they occupy the central portions. 

Plains generally owe their comparatively level 
surface to the absence of wrinkles or folds in the 
crust, in which case the general level is preserved, 
but the surface rises and falls in long undulations: 
these may therefore be called undulating plains. 

The fiat surface may also be due to the gradual 
settling of sedimentary matter. In this case the 
plains are exceedingly level. They are called 
marine when deposited at the bottom of a sea or 
ocean, and alluvial when deposited by the fresh 
water of a river or lake. Alluvial plains occur 
along the lower course of the river or near its 
mouth. 

Marine and alluvial plains, from their mode of forma- 
tion, are generally less elevated than undulating plains. 

106. Plateans are generally found associated 
with the mountain-ranges of the continents. Their 
connection with the adjacent plains is either alh 
ruptj as where the plateau of Anahuac joins the 
low plains on the Mexican Gulf; or gradual, as 
where the plains of the Mississippi Valley join 
the plateaus east of the Rocky Mountains. 

106. Mountains. — In a mountain-chain the 
cred or summit of the range separates into a num- 
ber of detached portions called />eaA»; below the 
peaks the entire range is united in a solid mass. 

The breaks in the ridge, when extensive, form 
mou n ta in-passes. 

The influence of inaccessible mountains, like the Pyr- 
enees and Himalayas, in preventin^^ the intermingling of 
nations living on their opposite sides, is well exemplified 
by history. In the past, mountains formed the boundaries 
of diflerent races. Some mountains, like the Alps and the 
Appalachians, have numerous passes. 

A Mountain-System is a name given to several 
connected chains or ranges. Mountain-systems 
are often thousands of miles in length and hun- 
dreds of miles in breadth. 

The Axis of a Mountain-system is a line extend- 
ing in the general trend of its chains. 

Where several mountain-axes intersect one an- 
other, a complicated form occurs, called a Moun- 
tain-Knot. 

The Pamir Knot, formtnl by the intersection of the 
Karakoruni, Belor, and Hindoo-Koosh Mountains, is an 
example. It lies on the southern border of the elevated 
plateau of Pamir. 




Fig. 40, A HoDuMln-Pui, 

107. Orology treats of mountains iind their 
formation. 

The force which upheaved the crust into moun- 
tain-masses and plateaus had iU origin in the 
eontraction of a cooling globe. There are good 
reaaong for believing that no extensive mountains 
existed during the earlier geologieiil a^es, since 
the crust wa.s then very thin, and would have 
been fractured before suffieient force could accu- 
mulate to upheave it into mountain-masses. 

The great mountain-systems of the world are 
formed from sedimentary deposits that slowly ac- 
cumulated overextended areas until they acquired 
very greiit thickness. The dejMsits forming the 
A p pa Inch iu I IS, according to Dana, were, in places, 
40,000 feet in depth, and covered the eastern bor- 
der of the continent from Xew York to Alabiinia, 
varying from 100 to 20O miles in breadth. 

After the accumulation of these strata they 
were, through the contraction of the crust, sub- 
jected to the gnidual effects of lateral presiure, 
by which they were sometimes merely flexed or 
folded, but more frequently crushed, fractured, or 
mashed together, and thus thickene<i and thrust 
upward. That side of the deposit from which 
the thrust came would have a steeper slope than 
the opposite side, which received a thrust arising 
from the resistance. 



This theory of mountain-formation, which ifl 
generally accepted, explains the following fact£: 

(1.) All mountains have two slopes — a short 
steep slope, facing the ocean, and a long gentle 
slope, facing the interior of the continent. 

(2.) The strata on the short steep slope are 
generally highly metamorphosed ; those on th« 
long slope are in general only partially metamor- 
phosed, or wholly unchanged. 

CS.) The mountain -systems are situated on the 
borders of the continents where the sedimentary 
strata collected. 

(4.) Slaty cleavage, or the readiness with which 
80 many of the rocks of mountains cleave or split 
in one direction, is a proof of these roeks having 
been subjected to intense, long-acting, lateral pres- 
sure, since such pressure can be made to develop 
slaty cleavage in plastic mat«rial. 

Isolated Uountalna.— Nearly nil hi^h isolated moDO- 
tainn were forraed by tlie (jection of igneons rocks from 
tlie interior; that is, fhey are of volcanic origin snd hava 
brpii nphenvpd by a vertiml slrain or trae prtjectila foice, 
aa in the volcanic rauge of Jonillo in Mexico. 

108. yalleyi in mountainous regions are either 
longitudinal or irangverge. 

Longitudinal Talleys are those (hat extend in 
the direction of the length of the mountains. 

Traniverae Vallejrs extend across the moun- 
tain. It is in trani^verse valleys that most passes 
occur. 

Althnngh vitlleys, lllcc moiinltiins, owe their origin to 
the rmi traction of a cooliii): crust, yet their present HhBpeB 
are modified by Ihc operation of other forces. By Iho 
actinn of their irater-counefi, valleys are deepened In one 
place and filled Dp in BDolliei'. Extensive Iind-glides often 
B Her their confinurat ion. Dnring the Glacial Period many 
valleys were itreiilly i-liangi'd by the notion of huge mov- 
infi miusca of ice. Fiord-valleys were formed in this 



In level countries valleys generally owe their 
origin to the enxling power of water. 

109. PecnliaritieB of Continental Reliefs.— 
The following peculiuritics are noticeable in the 
relief forms of the continents: 

(1.) The continents have, in general, high bar- 
dtr^ iind It low interior. 

(2.) The highest border Hei nearest the deep- 
est ocean ; hence, the culminaling point, or the 
highi'gt point of Imid, lieg out of the centre of the 
eontiiient. 

(3.) The greatest prolongation of a continent 
is alwigg that of ilg predominant motintain-nft- 

(4.) The prevailing trends uf the mountain- 
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moiset are the tame ae those of Ike coatt line*, and 
are, in general, either northreael or north-weH. 

In describing the relief forms of the continents 
we shall observe the following order : 

(1.) The Fredoininant Syitem, or a system of 



elevations exceeding all othere in height, and con- 
taining the culminating point of the continent. 

(2.) The Secondary Syitem or Systemic inferior 
to the preceding in height 

(S.) The Great Low Flsiiu. 




Fig. 41. Orograpbls Ofaut of lorth Amtrlia. (Light portlou. 

I, Rockf MnuDlilD S;IUiii ; i, g;iUin of tba Binrrm ■4iitbiIb utd Omds BintM; 3. Sic 
omiUliiii a, AppnUchUiu; T, FUloa of Idbndor; 8, BcLgbt of iMai; S, Arctic Plilai 
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z^ CHAPTER V. 
Relief Forms of the Continents. 
I. NORTH AMERICA 

110. Snrflue Structure. — The Predominant 
Mountain -System lies in the west. 

The Secondary Systems lie in the east and north. 

The Great Low' Plains lie In the centre. 

UL The Facifle Xonntain-Syitem, the pre- 
dominant system, extends, in the direction of the 
greatest prolongation of the continent, from the 
Isthmus of Panama to the Arctic Ocean. It con- 
sists of an immense plateau, from 300 to 600 
miles in breadth, crossed by two nearly parallel 
mountain-systems: the Rocky Mountains on the 
east and the system of the Sierra Nevada and 
Cascade ranges on the west. The eastern moun- 
tain-syetcm is highest near the south ; the west- 
em range is highest near the north. Between 
these lie numerous parallel ranges enclosing lon- 



gitudinal valleys, connected in places by trans- 
verse ranges forming basin -shaped valleys. 

The Eocky Koontain System.— The Rocky 
Mountains rise from the summita of a plateau 
whose elevation, in the widest part of the system, 
varies from 6000 to 7000 feet above the sea; 
therefore, although the highest peaks range from 
11,000 to nearly 1-5.000 feet, their elevation above 
the general level of the plateau is comparatively 
inconsiderable. The plateau on the east rises by 
almost imperceptible slopes from the Mississippi 
River. The upper parts of tlie slopes, near the 
base of the mountains, form an elevated plateau 
called the "Plains," over which, at one time, 
roamed vast herds of buffalo or bison. This ani- 
mal is rapidly becoming extinct. 

Thoufth tbe name " Rock; HouDtains " is fienenlly con* 
fined U> those parts o( the chain which extend (hroDRh 
British America and the Unltt^ Slates, yet, in connrction 
with the Sierra Nevada Monntains, it is continued through 
Mexico by the Sicm Hodrc Mountaiai, and hj smaller 
raugea to tbe Isthmua of PauaniA. 
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The Rocky Mountain System forms the great 
watershed of the continent, the eastern slopes 
draining mainly through the Misiiissippi into the 
Atlantic, and the u'esf«rn slopes draining through 
the Columbia and the Colorado into the Pacific 
Itslojjea gradually upward from the Arctic Ocean 
toward the Mexican plateau, where it attains its 
greatest elevation in the volcanic peak of Popo- 
catepetl, 17,720 feet above the &,:i. 

The SyBtem of the Sierra Nevada and Cascade 
Moontains extend^ in general, parallel to the 
Rocky Mountain System. It takes thi name of 
Sierra Nevada in California and Nevada, and of 
the Cascade Mountains iu the remaining portions 
of the continent. It reaches its greatest eleva- 
tion in Mount St. Eitas, in Alaska, 19,500 feet 
above the sen. ThU U Ike ctilminating point of 
lite North American continent. 



Id the broadest part of tfae pl&lean of the Pacific aysteiu, 
between the WaliBatch MountaiaE on the eael, and the 
Sierra Nevada and Cascude raiigeB uii tht wi-at, lies the 
plateau of the Great Basin, its hifili inoiintain Imrdera 
rob the winda of their moistnre, and the rainfall, eicept 
on the DioQU tain -slopes, is iuconsiderable. The tirCBt 
BuId haa a true inland drainage. 

Tbe heiKlits of all mounlains. except those much fre- 
quented, must generally be regarded as but good approxi- 
mations, since tbe methods employed for cfltimatiiig heiRhls 
require great precautions to seenre truatworlhy resnlla. 
Even the culminating pointB of all the contiaeuls have 
UDt, OS yet, been accurately aacertained. 

112. TheSflco&daryHoantaiii-SyitemRofirortli 
America comprise the Appalachian system, the 



Plateau of Labrador, the Height of Land, and 
the Arctic Plateau. The last three have but an 
inconsiderable elevation. 

The Appalachian Mountain System consists of 
a number of nearly parallel chains extending 
from the St. Lawrence to Alabama and Georgia. 
It is high at the northern and southern ends, and 
slo]>ea gradually toward the middle. The highest 
j)eak3 at either end have an elevation of about 
W)l)0 feet. 

The Appalachian Eyitem \s broken by two deep depr«a- 
■ioDB, traversed hy the Hudioa and Mobawh Rivers. Be- 
tweeo tbe foot of the system and the ocean lies a low coast 
plain, whoso width varies from 50 to 250 miles. 

113 The Great Low Plain of North America 
lies between the Atlantic system on the east and 
the Pacific system on the west. It stretches from 
tht Arctic Ocean to the Gulf of Mexico. 

Near the middle of the plain tha inconsider- 
able elevation of the Height of I^nd divides it 
into two gentle slopes, which descend toward the 
Arctic Ocean and the Gulf of Mexico. A gen- 
tle swell extending from north-west to sonth-east 
divides the northern portion of the plain into 
two parts. The eastern and western basins, so 
formed, are connected by a break in the water- 
shed, through which the Nelson River empties 
into Hudson Bay. 

The southern part of the plain is traversed, in 
its lowest parts, by the Mississippi River. 



114. The Belief Forma of a Continent are best 
understood by ideal sections, in which the base 
line represents the sea-level, and the scale of 
height* on the margin represents the elevation 
of the various parts. 

In all such Bivtions the vertical dimensions of the land 
are necessarily grealln exaggerated. 
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Fig. 43. Section of MortlilmerlearraDi But la Tart, 
1. SI. Eliu; 2. Slim Noiul.; 3, Kocky HDUnKdoi; '' 
Vmnny; a, Appklnrlilio Pyn^m. 

US. Approximate Dimensions of North 

Area of continent. 8,400,000 square miles. 
Greatest breadth from east to west, about 3100 n 
Greatest length from north to south, about 4.^00 
Coastline, 22,HI0railcH. 
Lhilniiuatiug point. Mount St. Elia^ 19,500 feet. 
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Tig, 44, OrogTipblo Ohirt af Sonth iBsriob 

(Light portions, mountaliii ; shaded portions, pUlai.) 

1, Sjtiem dT thu Ands; 2, Plilmn of quila; 3, Pllleau of Bollll*: 

4. AcoDcaciu: fi, PUItau uT aulwin; B. Plttsu of BnMli T, Tha 

Orinom ; B^TtH Amuoa ^ 9, Th« U FUtle. 

^ II. SOUTH AMERICA. 

116. Surface Stntctnn. — The Predominant 
Mountain.S_VBtem of South America is in the weet. 

The Secondary Systenw are in the easL 
The Great Low Plain lies between them. 

117. The System of the Andei. which extends 
klong the western border of the continent, u the 
predominant ■mountain-sygletn. It is compoeed 
mainly of two apiiroximately parallel chains 
separated by wide and com]jaratively level val- 
leys. On the north there are three chains, and 
OD the south but one ; in the centre, mainly two. 
The chains are connected by transverse ridges, 
forming numerous mountain -knots. 

The Andes System forms a continuation of 
,the Pacific Mountain-System. A wide depression 
at the Isthmus of Panama marks their separation. 
From this point the Andes increase in height 
toward the south, probably reaching their high- 
est point in Chili, where the volcanic peak of 
Aconcagua, 23,910 feet, is believed to be the cul- 
minating point of South America, and of the Weil- 
cm Continent 

NeVBdK ds BoTsU wu formerly believed to be the ciil- 
minrntiiig point of Sooth America, but recent [«calcal>tioiu 



of the obaervktions h^ve reaull«d in b Iom of nearly 4000 
feet of the luppoeed height of Sorata. Some Mitboiitka 
■till claim that several peakl in Bolivia mach an ela> 
vatlon of nearly 25,000 feet. 

The Andes Mo ud tain -System terminates ab- 
ruptly in the precipitous elevations of Cape Horn. 

NumeroD> table-landi are included between the paralM 
nuiRes: the moat important are— thoptaf«aHo/Qai(a,9S43 
feet; tiieplattauof Auro, in North Peru, 11,000 feet; th« 
platMu of Bolivia, from 12,000 to 14,000 feet. Fnm moat 
of these higher plateana volcanic peaks arise. 

118. The SecondarrHountala-Systeiu of South 
America are the plateavs of Brazil and Guiana. 
They both lie on the eastern border. 

The Flateaa of Braiil is a table-land whose 
average height is about 2500 feet. Narrow 
chains or ridges separate the river-valleys. 

The pUtean of Brazil forma the watershed between the 
tributariea of the Amazon and the La Plata. Along the 
Atlantic a moderately continuons range dewends in steep 
terraces to the ocean. The average altitude is more than 
double that of the western portion of the plateau. Th« 
higheet peaks are somewhat over 8000 feet. 

The Plateau of Gnisua, smaller than the Plateau 
of Brazil, but about equally elevated, forma the 
watershed between the Orinoco and the Amazon. 




Fig. 46. Imuon SItn Soaatrj. 

118. The Great Low Flaio of Sonth America 
lies betweeu the predominant and the secondary 
mountain -ay stems. It is mainly of alluvial origin, 
but slightly elevated, and is much more level than 
the great plain of North America. 

This plain is drained by the three principal river^ya- 
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teauof the cootineDt, b; which it is divided into three 
(■rti : the Uaaat of Ut* Oruuta, tkt Stfnu of llu Amaaom, 
and tk« Pampat of Ou La PtoHc. 

The UaaoB are grtmy pltlni which, dariag the nAv-j 
■MOOD, resembli: our prairie*, bat dnriag the dry weathei 
ue deserts. 

Tlw Selvna, oi foieet plmins, are coTcied by ao aninter- 
rnpted IniariaDt forest. The vegetation here is lo dense 
tliat in some places the brood rivers form the oa\j ready 
means of erolsiiig the coDotry. Near the river-taoks ar« 
vast stretches of swamp}' ground. 

Tba Punpaa are grt»y pUlna which in some reapecta 
naetnble the Llanos. 

A coast plain lies between the Ancles and the 
Pacific It is widest near the Andes of Chili, 



Ffg. 4S. SwtJos of Sonth AoMrks tiwa East to TM. 
Tolcuo Anqiilp*; i, Uka TlHan; 1, Hands ds flonlii; 4, 



where in some places it is 100 miles in br«adth. 
Between the parallels of 27° aod 23° the plain 



is an absolute desert, called the Desert of Ata- 
cama. Here rain never falls and v^etation is 
entirely absent. 

ISO. AppFozlm»t« DlmsiiBioiia of Bonth AmeriiMt. 

Area of continent, about 6,500,000 iqnan inllea. 

Ore*teBt breadth hom east to weet, 3330 mllea. 

GreatMt length from north to aonth, 4800 milea. 

Coast line, 14,300 nllw. 

Cnlminating point, Aconcagna, 33,910 feet 

12L Contruts of the Americas. — In both North 
and South America the predominant tystem liet in 
tKe vie*t, ihe tecondary tyslems in the etut, and Ao 
low plaint in the txntre. 

They differ in the following respects : 

In North America the predominant tyitan u a 
broad plateau, having high mountain-ranges; the 
principal secondary tygtem ts narrow, and formed 
of parallel ranges; ihe Ioib plaint are character^ 
ized by undulatiotu, and contain taxral deep d«- 
preteioM occupied by extensive lake-systems. 

In South America the predominant ayttem is nar- 
row; the secondary syttoM are broad; the Imo plain 
is alluvial, extremely flat, coiUaine no depreaitmu, 
and consequently no extensive lake-systems. 




Fig, 47. Oroffrsphlo(Bl«n(^Eilrop». fUght portiona, mnunU 
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' HI. EUROPE. 

122. Snriace Stmctnre. — Th,-( Predominant 
Mountain-I^VKtcni is in the south. 

The Secondary .SystcnjH arc in the north and ea>it. 



d port Ions, plalna.) 

1! T, MguntBlQi »f CuHIr; 8, ApanolnM; 
iKFTRnr; 16. VoKra; IT, BiKk Tolwt; U, 
DunMiiu; 24. KEolon UnanUlni', 3i. I'nii. 



The Great Ix)w Plain lies between the Pre- 
dominant and Secondary Svstenis. 
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ngiotis. The great low plftln lies an the Dorth, and the 
predomiuaat moantaiD-e;«t«ni on the uiith. The conn- 
tr; north of this line is lometimea called Lta Earopt, and 
that MHith of It, Hifh Europt. 

123. The FredominantHoiuitam-Syitem of En- 
rope ia composed of a highly complex series of 
mouDtain-systeras extending along the northern 
shores of the Mediterranean in a curve, from the 
Straits of Gibraltar to the shores of Asia Minor. 
The system is highest in the centre, where the 
Alps form the culminating point of the continent 

The average elevation of the Alpe ranges from 
10.000 to 12,000 feet. Tlie highest peak, Moni 
BUme, 15,787 feet, is the culminating point of the 
European eonlineni. MtMerkorn and Monte Bo»a 
are but little inferior in height. On the south- 
west the system is continued to the Atlantic by 
the Cevennes and adjoining ranges in France, and 
the Pyrenees and Cantabrian in the northern part 
of the Spanish peninsula. The Pyrenees are an 
elevated range, with peaks over 11,000 feet high. 
On the east the system extends in two curves to 
. the Black Sea by the Carpathian and Transylva- 
nian Mountains on the north, and the Dinaric 
Alps and the Balkan Mountains on the south. 

124. Divisions of Fredominant Syrtem. — The 
predominant mountain-system of Europe may be 
conveniently regarded as consisting of a central 
body or axis, the Alpe, with six projections or 
limbs — three on the north, and three on the south. 

The three divisions on the north include — 

The Weitem Diviiion, or the mountains of 
France, including the mountains lying west of 
the valleys of the Rhine and the Rhone ; 

The Central Division, or the mountains of Ger- 
many, situated between the Western Division and 
the upper valleys of the Oder and the Danube ; 

The Eastern Sivtsioii, or the mountains of 
Austria-Hungary, situated between the Central 
Division and the Black Sea. 

These divisions canuin a highly complicated BjBtem of 
minor elevatiuiis. Their compleiitj is due to the trt- 
qaent Intersection of the narth-castetn and uorth-weBtera 
tTeiid*. Busi 11 -shaped plateaus, like the Buhcmian and 
Tianajrlvanian. are thus fomiod. 

The Weatem Division includes most of the mountains 
of France, as the Cevennes, the luountains of Auv<.-rf(ne, 
and the Vosites Mountains. 

The Central Divtalon includes the Jura Mountains in 
Switzerland, the Swiss and the Bavarian plnteaua, the 
Black Forest Mountains, the Hartc Honntains, and the 
Bohemian plateau. 

Tbe Eastern Divlaloa includes moat of the mountains 
of Austria, as the Carpathians, the Hungarian Foreit, and 
the Tranaylvanian Monntains. 

12fi. The three projections on the south are the 



three mountainous peninsulas of Southern Eu- 
rope: 

The Iberian FeninmU, including Spain and 
Portugal ; 

The Italian Peniniula ; 

The TiiTco-(}recian Feaininla. 

The Iberian Peninsula.— The principal mountlJuB an 
the Sierra Estrella, the mounUins of Castile, and the 
Sierra Nevada. The Pyrenees separate tbe Peninsula from 
Fiance. The Caulabrian Mountains extend along the 
northern coast. 

The Italian Peninaula contains the Apennines, ex- 
tending mainlf in tbe direction of the north-western 

The Turco-Oreclan Peninsula.— The Dinaric Alps 
extend along the coast of the Adriatic; the Balkan Hoan- 
tains extend from east t« west, throunh Turkey ; and the 
Pindus from north to south, through Turkey aud Greece. 

126. The Secondary Hauntain-Syitemi of En- 
rope comprise the system of the Scandinavian 
peninsula, the Ural Mountains, and the Cauc^ 
BUB Mountains. 

The Syitem of the Bcandinavian Peninnla 
includes the elevations of Norway and Sweden. 
With the exception of the Kiolen Mountaljs in 
the north, the system does not embrace distinct 
mountain-ridges, but consists mainly of a Beriee 




Fig. 48. Fioid SD Naiway Oout. 

of broad plateaus that descend Hbruptly on the 
west in numerous deeply-cut valleys calk-d jiordt, 
through which tiie sea penetrates nearly to the 
heart of the plateaus. Fiords are valleys that 
were deeply eroded by slowly moving naasees of 
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ice, called glacien, and Bubeequently partially sub- 
merged. Oq the east the elopee are more gradual, 
and are occupied by numerous small lakes. 

The Syitem of the TFrals is composed of a 
moderately elevated range extending from the 
Arctic Ocean on the north to the plains of the 
Caspian on the south. The elevated island of 
Nova Zembla may be considered as forming a 
part of its northern prolongation. 

The Canoasns Kountaim bear peaks exceeding 
in elevation those of the Alps. They belong, 
however, more properly to the elevations of 
Asia. 

127. The Great Low Plain of Europe lies be- 
tween the predominant and secondary mountain- 



wyBbtTOB, and stretches north-eastwardly from tfae 
Atlantic to the Arctic It is remarkably level, 
and is higheet in the middle, where the Valdu 
Hills form the principal watershed of Europe. 
Westward the plain is continued under the Mortli 
Sea to the British Isles, where a few inconaider- 
able elevations occur. 

South of the Alps the large plain of the Po 
River stretches across tbe northern part of Italy. 

13S, Approximate Dimsiwlona of Europe. 

Area of continent, 3,700,000 aqiuie milea. 

Coast line, 19,600 miles. 

Qreateat br«adtli from north to south, 8400 miles. 

Qreatcst leoeth from Dorth-eait to lODth-ireat, 3910 

Culminating point, Hont Blanc, 16,7B7 feet. 




Fig. 49. OngnpUe Ohut of Alia. (Light pottlouB. i 

1, HlnuUyii HounUlnt; % Kinkonim; 3, Knm-lDn; 4, Bslor; ^ ThUn 

IO,PelliiR; II, ViDdhT*; 12, Ghiuu; 13, HlDdw-Koab ; It, Elbun; IS, SuUnun 



lountalna; shaded portlona, pimlna.) 
Uuii ^ AIUl; T, Gnat Klnghui; S, 
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IV. ASIA. 
129. Sorfkoe Structure. — The Predominant 
Mountain-System is in tbe south. 

The Secondary Systems surround the Predomi- 
nant System, 
^q^ke Great Low Plain is on the north and west. 



and lies between the mountain-systems of Asia 
and the secondary system of the Urals. 

Europe and Asiaaresomotimes considered as geo^rsphlo. 
ally united in oae gT»ad division called Euratia. 

130. The mountain-systems of Asia are nearly 
all connected in one huge mass which e 
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Ike line of the nortkreatt trend, from the Arctic to 
the Indian Ocean, Though iu reality one vtMt 
»y»tem, yet they are most conveniently arranged 
in one predominant and several gecondary mjttema. 
The f redominant Bystem is the plateau of 
Thihd, the lofti&st toble-laiid in the world. It 
is lietween 15,000 and IB.OOO feet high, and is 
crossed by three huge, nearly parallel, niountain- 
ranges: the Himalayas on the south, the A'i(en- 
i»ii on the north, and the Karakorum between 
them. The HimalayiM, the lonie!<t mountains 




Fig. 60. Hlmaliji Honnulu. 
in the world, rise abruptly from the plains of 
Northern Hindostan. Like the Alps, their axis 
is curved, but in the opposite direction. The 
breadth of the system varies from 100 to 200 
miles; the length is about 1500 miles. The high' 
e*t point u Mount Emrest, 39,000 feet above the 
«ea ; it it the raliiiinatiiig point of the Asiatic con- 
tinent and of the world. Kunchinjunga and Dha- 
wajaghiri arc scarcely inferior in height. 

I3L The Secondary Syatems lie on all sides of 
the predominant system, though mainly on the 
north and east of the predominant system. Like 
Europe, the AFiiatic continent projects on the 
south in the three mountainous peninsulas uf 
Arabia, Hindostan, and Indo-China. 

On the north and east of the platejiu of Thibet 
is an extended region called the platrau of Gobi, 
considerably lower than the surrounding country. 
The Kjien-tun and Great Kiiighan Afouulaiiia 
bound it on the south and east, and the Altai 



Mounlainn on the north. On the west lie the 
Thian Shan and Altai, which by their open val- 
leys afford ready communication with the low 
plains on the west. 

Tbv plateau uf G<ibi varitts iu averasP height froiu 2000 
to 4000 feet. The gn-nteat dopcesaion is iu the west, and 
JB occupied by Lake I^p and the Torlm River. A amnll 
part nf the region near tbo muuiitaio .slopes is moderately 
fertile, tlie remainder is duiIdIv desert. 

The Alt«i Mountains are but little known, but some of 
their peaks exceed IS.OOO foeC. They are cotitinued east- 
ward by the I'ai/onoi JBoundirm. East of the plateau of 
Qohi a rau){e extf^uds nnrtb-eaiUrly through Mantebooria. 

On the south and weat of Thibet lie the pla- 
teaus of Iran, Armenia, and Asia Minor. 

The Plateau of Iran includes Persia, Afghan- 
istan, and Beloochistan. It is a basin-shaped 
region from 3000 to .tOOO feet high. The Elburs 
and Hiiidoo-Koofih Mountains form its borders on 
the north, the Suliman on the east, and the Za- 
ffToi on the south and west. 

The 8uliman Mountains rise abruptly from the plains 
of the IndUB. Across these mountains occurs tlie only 
practicable iultiud roule bplwin.'u Wtslem Asia and the 
iDdlefl. 

The Plateaus of Armenia and of Asia Minor 

lie west of the Plate*iu of Iran. Armenia is 80*)0 
feet high, and bears elevated mountains: Mount 
Ararat, 16,900 feet, is an example. On the west, 
the peninsula of Asia Minor, or Anatolia, extends 
between the Black and Mediterranean Seas, and 
is traversed by the Taurus Mountains. 

The Cancaaiu Hountaint lie north of the pla- 
teau of Armenia. They are an elevated range 
extending between the Black and Caspian Seas, 
and form part of the boundary-line between Eu- 
rope and Asia. Mount Elburz, the "Watch- 
Tower," the culminating peak, is 18,493 feet 
high. 

The Arabian Platean occupies the entire penin- 
sula of Anilvia. It is separated from the plateau 
of Iran by the Persian Gulf and the valleys of 
the Tigris and the Euphrates, 

The Platean of Beccan occupies the lower part 
of the peninsula of Hindostan. It is crossed on 
the mirth by the Vindhya Mountains, and along 
the coasts by the Eastern and Western Ghauts. 

The Peninsula of Indo-China is traversed by 
B number of mountain-ranges which diverge from 
the eastern extremity of the Himalayas. The 
^'anling and Peling extend from east to west 
through China. 

132. The Great Low Plain is, in reality, but a 
continuation of the European plain. It ext^'uds 
from the Arctic Ocean south-westerly to the Cas- 
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piui and BUck SeatL It is hillr vn tbe eaet, but 
level on the vist. Boutb of tht: 60th parallel it 
u comparatively fertile. Around the ehores of 
fix Arctic are the gloomy Tundrae. 

Tb* Tundnw m« vaat ng^oat wbich' in rammer are 
Mrered with oocmIodsI iiKiB«-b«d>, bugv bIuIIuw lake*, 
•odmliiKriit iutermiiuble Bvamii*, >d<1 iu wiutcr irith thkk 
fee. The tDodiu are aaied u follow*: Tbe riven that 
ftow over the immeiue plain of Alia riae in tbe wartuer 
ttgimu UD the KKitb. Their upper cuurws tbairing while 
the lower cuuihh are rtill ic(:-lwuu<l, penuita large qnan- 
tlti«a of drift ice to aocumDlate at their muutha, wbich, 
damming up the water, caunea it to overlbiw the idjoiuing 

SepreMiou of the Caspian and Sea of Aral — 
Two rerimrluible dapitamvioB occur in the basins 
of the Ctu^piun und -Sea of Arul, and that of the 
Dead Hen. TIiCHe are all coiutlderabljr below the 
kvel of the oceau. The wuten of the Caspian 
and Sea of Aral were probably once connected 
in a great inland sea. 



Hie bnaller Aaiatie naiu are dnined bf 
several river-eystenu^ These are the Plain td 
Manldworia, drained by the Amoor; the Plain 
of China, drained by the Hoang-Ho and tba 
Yang-tee-Kiang ; the Plain of India, drained by 
the Indue, the Gange§, the Brahmapootra, and 
the Irrawaddy ; and the Plain of Perna, drained 
by the Tigris and the Euphrates. 

ua. ApprozliiiRte Dlmenaiona of Asia. 

Area of continent, 17,500,01X1 miles. 

CoaM line, 35,000 miles. 

Gresteat length from north-east to Kintfa-weit, T500 mllea. 

Greatest breadth from north to lonth, r<]66 miles. 

Calminating point, Uonnt Everest, 29,000 feet. 

131. Comparison of the Aelief Forms of Bo- 
rope and Asia. — In both Europe and Asia tbe 
chief elevations are in the south and the great loir 
plains in tbe north. Asia, like Europe, extends 
toward the H)uth in three great peninsulas: Ara^ 
bia, Hindoetan, and Indo-ChintL 
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V. AFRICA. 

135. 8ar&ce Stroctnre. — Nearly the entire con- 
tinent of Africa is a moderately elevated plateau. 
It therefore has no great low plains ; but the in- 
terior is lower than the marginal mountain^ys- 
teins, and in this respect the true continental type, 
high borders and a low interior, is preserved. 

136. The Predominant Mountain-System is in 
the east. 

The Secondary Systems are in the south, west, 
and north. 

Tlie great interior depression is in the middle, 
and tri surrounded by the predominant and seo> 
ondarv systems. 

A narrow, low plain extends along most of the 
const It is broadest on the north-west, between 
the plateau of the Sahara and the Atias Moua 
tain-system. 

137. Tbe Predominant Honntain-Syitem ex- 
tends along the entire eastern shore, from the 
Mediterranean Sea to the southern extremity of 
tbe continent. It is highest near the centre, in 
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the plaUaii« of Aby^inia and Knffa. The culmi- 
nating point is probahly to be found iu the vol- 
canic peaks of Kenia and Kilimandjaro, who^e 
estimated heighta are taken at about 19,000 feet. 
In the Abyssinian plateau, on the north, an aver- 
age elevation of from 6000 to 8000 feet occure. 
Upon tliis, rising in detached groups, are peaks 
the higheal of which are over 15,000 feet. 

From the Abyssinian plateau the system is con- 
tinued northward to the Mediterranean by a suc- 
cession of mountains which stretch along the 
western shores of the Red Sea. Some of the 
peaks are from 6000 to 9l>00 feet South of the 
plateau of Kaffa the system is continued by the 
Lupala and Dragon Mounlaijis to the southern 
extremity of the continent. The Zambesi and 
Umpopo Rivers discharge their waters into the 
Indian Ocean through deep breaks in the system. 

138. Secondary Systems. — On the south the 
Nieuveldt and Snow Mounlaina stretch from east 
to west, with peaks of over 10,000 feet. Table 
Mountain is on the south. 




Tabic HnnUlD, 



On the ivest the Mocambe and Crystal Mounfaint 
extend from the extreme south to the Gulf of 
Guinea. Sear the northern end of this range, 
but separate from it, are the volcanic peaks of 
the Cameroona Mountains, 13,000 feet high. 

The Kong Mountains extend along the north- 
ern shores of the Gulf of Guinea in a general 
east-and-west direction. Some of the peaks are 
snow-capped. In the extreme north of Africa 
are the Atlan Mountain*, which rise from the 
summit of a moderately elevated plateau. Some 
of the peaks are 13,000 feet high. 

139. The Great Interior Depreuion north of 
the equator i^ divided into two distinct regions. 
A straight line extending from Cape Guardafui 
to the northern shores of the Gulf of Guinea 
marks the boundary. The mountain -systems 



north of this line have a general east-and-west 
direction ; those south of it have a general north- 
and-south direction. 

The Plateau of the Sahara occupies the north- 
em part of the interior depression, Its general 
elevation is about 1500 feet, though here and 
there plateaus of from 4000 to 5000 feet occur, 
and even short mountain-ranges with peaks of 
6000 feet. TUe main portion of the region ia cov- 
ered with vast sand-fields, with occasional rocky 
masses, and ia one of the most absolute deserts 



in the world. 




Fig. 51. Deieit of SahuL 

Near long. U" E. from Greeowicb, in the district of 
Feuao. tbo plateau is divid<^ from uorth to south hj a 
brood valley. !□ this occur 01807 rf-niarkabledepreaitioiia, 
tome or wbicb arc seVFral bundn-d feci brlniv tbe IevgI of 
tbo Medilerrautfan. Here fcrtila apota, called oaiei, ara 

South of the Sahara ia the Soudan, a remark- 
ably well-watered and fertile region. Lake Tchad 
occupies the greatest depression. The interior, 
which lies south of this, is but little known. It 
is probably a moderately elevated plntenu. Ex- 
tensive lake-basins — Albert and Victoria Nyan- 
zas and Tanganyika — lie near the predominant 
mountain-system. 

lU. Approzimats DlmenslanB of AtHca. 

Area of coatiaeut. 12,000,000 square miles. 

Coaat line, 16,000 miles. 

Greatest breadth from east to wMt. 480n'niilcii. 

Greatest length frnm north to nouth, 3000 miles. 

CalmiDatiDg point, Mount Kenia, or Kiliniau^jant, 
about 19,000 teat. 
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Fig. BG. Orogniihli! Oh»rt of Anitnlli. 
(While poillans, mounUlQa ; itaftded poTtlani, plalni.j 
1, Aulnllmu Alfii i, Kiaduiko; 3, 1, G, S«DDdMT SjiMu; t, 
Hmnv BlTcr. 

VI. AUSTRALIA. 

141. Borfitoe Structure. — The Predominant 
Mountain-System is in the east. 

The Secondary Syatema are in the west and 
north-west. 

The Great Low Plain lies between the pre- 
dominant and secondary systems, and elopes 
gently to the southern coast. 

The Predominant Syitem extends along the 
entire eastern shore, &om Torres Straits to the 
southern extremity of Tasmania. It is for the 
most part composed of broad plateaus. The 
system is highest in the south-east, where the 
name Australian Alps is given to the range. 
Mount Koaeiiuko, 7000 Jed, probably fomut the 
culminating point of the Australian continent. 

The system descends abruptly on the east, but 
on the west it descends by gentle slopes to the 
low plains of the interior. 

142. The Socondary Syttemi, on the west and 
north-west, are of but moderate elevation. 

14t. The Great Low Plain lies in the lnt<>iior. Ao- 
caiate iDformation bb to its peculiarities Is ;eC wantiag. 
A mcklerate elevation on the north connects the eastern 
•nd westeru systems. The south-eastern portion, which 
Is the beat known, is well watered and remarkably fertile. 
BMiD-ahaped valleys »« found In the west. The lower 
part* aie occupied by Lake Eyre, Torrens, and Qalrdner. 



144. Approximate DlmenBlonB of Australia. 
Area of continent, 3,000,000 aqnare miles. 
Coast line. 10,000 miles. 
Greatest length from east to west, 2400 miles. 
Oreatest breadth from north to south, 2000 mile*. 
Cnlmlnating point, HoanI Kascinsko, 7000 feet 

I4fi. Contratti of Africa and Autralia. — ^Li 
the north, the African continent retembks Europe 
and Asia in the arrangement of its forms of 
relief. In the eouth, it resembles the Amerieaa. 
As a whole, the Airican continent raembla 
Australia more closely than any other. In both 




Fig.GS. Anttnlian SoaitiT. 

Africa and Australia the predominant system is 
in the east, and extends along the entire coast 
In each the secondary systems are in the weit 
and north. But Africa terminates in a plateau 
which dcKends abrvptly to the sea, while Australia 
is terminated by a great low plain which deaeenda 
by long, gentle slopes from the interior. 



SYLLABUS. 



Sock-masses are divided, according to their origin, into 
^gl^t^m^, aqntimt, and mttamorpMe. According to their eon- 
dUioK, into ilralifed and utalralijinl. Accordinn to the 
prcMnee or flbwnee of organic remains, into fo'tilifrrout 
and tnn-/etrilifrretu. Stratified rocksare sometimes called 



fragmnital, Unstratifled rocks are samptlmea called cry*- 
tallinf. Aqueous rocks are sonietimes called ttdimatlarf. 

AcincoQB rocks are stratified. Igneous rocks are no- 
siratifled, Mctaniorphlc rocks were originally stntifle^ 
but lost their stratificatiuu through metamorphism. 



REVIEW QUESTIONS. 



55 



Aqueous rocks may contain fossils. Igneous rocks never 
contain fossils. Metamorphic rocks, in rare instances, may 
contain fragments of fossils. 

Geological time is divided into Archmanf PalteoMoic, Mt90- 
gaiCf and Cenozoic. 

Archsean Time includes the Azoic and the Eozoic Ages. 

Paleozoic Time, or, as it is sometimes called, the Pri- 
mary, includes the Silurian, Devonian, and Carboniferous 
Ages. 

Mesozoic Time, or the Secondary, includes the Age of 
Beptiles. 

Cenozoic Time includes the Age of ^Cammals, or the Ter- 
tiary, and the Era of Man, or the Quaternary Age. 

The changes to which the earth's crust is now 8ul:t)ect 
are produced by the following agencies: 

1. By the winds ] 2. By the moisture of the atmosphere; 
3. By the action of running water ; 4. By the action of 
ocean waves ; 5. By the agency of man ; 6. By the con- 
traction of a cooling crust. 

There is more water than land surfieice on the earth, in 
proportion of 25 : 9, or as 5* : 3*. 

The land-masses surround the north pole in the shape 
of an irregular ring. 

Nearly all the land-areas are collected in one hemi- 
sphere, and the water-areas in another. 

The Land Hemisphere comprises the whole of North 
America, Europe, and Africa, all of Asia except a small 
part of the Malay Peninsula, and the greater part of South 
America. 

The Water Hemisphere comprises the whole of Australia 
and the southern ix>rtions of South America and the Ma- 
lay Peninsula. 

The northern continents are almost entirely in the tem- 
perate latitudes ; the southern are mainly in the tropics. 

The land-masses may be divided into three doublets, 
consisting of pairs of northern and southern c^nt'nents, 
almost or entirely separated from each other. 

There are two great systems of trends or lines of direc- 
tion, along which the continents, the coast lines, the 
mountain-ranges, the oceanic basins, and the island chains 
are arranged. These trends are north-east and north-west. 

The northern continents are characterized by deeply in- 
dented coast lines ; the southern are comparatively simple 
and unbroken. Europe is the most, and Africa the least, 
deeply indented of the continents. 

In proportion to her area, Europe has three times as 
much coast line as Asia, and four times as much as Africa. 

One-seventeenth of the land-area is composed of islands. 

Islands are either continental or oceanic 

There are four successive stages in the formation of a 
coral island or atoll : 1. The fringing reef; 2. The barrier 
reef; 3. The encircling reef; 4. The coral island or atoll. 

The greatest elevations and depressions in the earth's 
•orfiKce are small when compared with its siie. 



Low lands are either plains or hills. 

High lands are either plateaus or mountains. 

Plains are — 1. Undulating; 2. Marine; 3. AlluviaL 

Mountains were produced by the contraction of the 
crust, producing a lateral pressure on thick, extended de- 
posits of sedimentary rocks. Slaty cleavage was caused 
by this lateral pressure. 

Valleys are either longitudinal or transverse. 

All continents have high borders and a low interior. 
The highest border faces the deepest ocean. 

The greatest prolongation of a continent is that of its 
predominant mountain-system. The culminating point is 
always out of the centre. 

Nwih and South America resemble each other in the 
arrangement of their relief forms. Their predominant 
Sjrstems are in the west; their secondary systems are in 
the east; their great low plains are between the predomi- 
nant and secondary systems. 

The predominant system of North America is the Pa* 
cific mountain-system. The secondary systems are — the 
Appalachian system, the plateau of Labrador, the Height 
of Land, and the Arctic plateau. 

The predominant system of South America is the sys- 
tem of the Andes. The secondary systems are — the pla- 
teaus of Guiana and Brazil. The great low plains are — 
the Llanos of the Orinoco, the Selvas of the Amazon, and 
the Pampas of the La Plata. 

Europe and Ana resemble each other. Their predomi- 
nant systems are in the south ; their great low plains are 
north of their predominant systems. The predominant 
system of Europe is in the south. 

The secondary systems are— the mountains of the Scan- 
dinavian Peninsula, the Ural Mountains, and the Caucasus 
Mountains. 

The predominant mountain-system of Asia is the pla- 
teau of Thibet. 

The secondary systems are — the plateau of Gobi, the 
Thian-Shan and Altai Mountains, the plateau of Indo- 
China, the plateau of Deocan, the plateau of Iran, the pla- 
teau of Asia Minor, and the plateau of Arabia. 

Africa and Australia resemble each other. Their pre- 
dominant systems are in the east; their secondary systems 
are in the west and north ; their depressed areas are be- 
tween the two. 

The predominant mountain -system of Africa includes 
the mountains of the eastern coast. 

The secondary systems include the Nieuveldt and Snow 
Mountains in the south, the Mocambe, Crystal, Cameroons, 
and Kong Mountains in the west, and the Atlas Mountains 
in the north. 

The predominant mountain-system of Australia includes 
the mountains of the eastern coast. 

The secondary systems include those found in the south, 
west, and north. 



REVIE^V aUESTIONS. 



What two elementary substances form the greater part 
by weight of the earth's crust? 

Into what classes may rocks be divided according to 
their condition ? According to their origin? According 
to the presence or absence of fossils? 

What is paleontology ? 



Define Archaean Time, Palnosoic Time, Mesosoic Time, 
and Cenozoic Time. 

Explain the nature of the changes which the atmo- 
sphere is now effecting in the earth's surface. Which the 
water is eflfecting. Which man is efiecting. 

What must be the areas of two squares whose areas 
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npnaeot the rtUUivt luid- and water-areis of the MithT 
Hiut are the aetuat areaa in eqaare milesT 

How would yoa dnir a circle around the earth whioh 
will divide it ioto land aod water hemispheres? 

Do the coatinentB extend farther to the north pole or to 
thesoath pole? 

What do 70D DudeTstaod hj lines of trend 7 

Which have the more diversified coast lines, the north- 
em or the sonthem continents? 

Define continental and oceanic ielinds, and (live exam- 
ples of each. Wh; are continental ielands to be regarded 
as detached portions of the neiKhboring mainland? 

Name the American island chains. The Asiatic chaing. 

Describe the Austnlasian Island chain. The PolynesiaD 

Which are the higher, volcanic islands or coral islands? 
Whyf 

Name the foar principal Bt«pa or stages in the progt«sa 
of formation of a coral ialand. 

Is the Goivl island built by the coral animalcnle or by 
the waves? Eiplain your answer. 

What is Darwin's theory for the presence of a lagoon 
within the reef? 

What is the difference between a plain and a ptat«anT 
A mountain and a hill? 

Define monntain -system. A chain, A knot. 

What is the name of the highest plateau in the world? 
Of the largest plain? 

In what diiltorent ways were plains formed ? 

Distinguish between a longitudinal and a transTeiM 
valley. Explain the manner in which mountains were 
formed. 

Give a short account of the surface structure, or the 
arrangement of the high and low lands, of North America. 
Of South America. Of Europe. Of Asia. Of Aftica, and 
of Australia. Which of these resemble each other? In 
what respect do they all resemble one anotherT 

Name the culminating points of each of the continenls. 

Name the predominant and secondary mountain-systenit 
of each of the continents. 

How many times larger is Asia than Australia? Than 
Europe? Africa? North America? South America? 

Name the principal moDntains of the Pacific mountain- 
system. Which contains the culminating point of the 
oontineat? 



Where is the Great Basin ? By what mountaJns ia It 
snrronnded? 
Name the principal mountains of the Appalachian sya- 

Is the greater portion of the area of North America 
abote or Mov 1000 feet? 

What riven drain the great low plain of North Amer- 
ica? 

South America- 
Name the principal plateans of the Andes. Tbrongh 
which does the equator pass? Which contains Lake Titi- 

Where is the plateau of Guiana? Of Brazil? 

What three large river-aystemsdraia the great low pMn 
of South America? What resemblances can yon find be- 
tween the directions of these rivers and those which drain 
North America? 

Describe the chain of the Alps. 

What river-systems divide its northern elope into thtM 
divisions? Name the principal monntalns of each divtsioo- 

What three peninsulas project sonthward fMm thesoath- 
em slopes of the predominant mountain-system? 

Name the principal mountains of each pentnsnla. 

Name the great low plains of Europe. 

Asia. 

What moantains form the n(irthem boundary of tb» 
plateau of Thibet? The southern boundary? The north- 
ern boundary of the platcaii of Mongolia? The eastern 
bouudary? What mountains extend through China? 

What mountains form the boundaries of the plateau of 
Iran ? Is Arabia a platenu or a plain ? 

Is the land ngrth of the Sea of Aral high or low? 

In which line of trend do the mountainous elevatioiM 
of Asia extend? 

Africa. 

What portions of Africa are high? What portions an 
low? 

Where is the predominant system? Where is the cnl- 
mlnating point? What part of the interior Is low? 

WherearetbeMocambe Mountains? The Crystal Moun- 
tains, the C^meroons, the Alias, the Kong, the Lnpata, and 
the Dragon? 



Where is the predominant monntain-sysMm ? The s) 
ondary system ? 
Where is Mount Koaciuskot The Hurray Biver? 




Part III. 

THE WATER. 




By contact of air with the water-areas, an immense qunnlity of invisible vapor passes into the 
atmosphere, from which, when sufficiently cooled, it re-appears and descends as fog, dew, rain, hail, sleet, 
or snow. It then, in greater part, drains through various lake- and river-syatems into the ocean, where 
it is either again evaporated, or carried about in waves, tides, or currents. Tkig circulation of water 
never ceaaes, and upon it depends ihe existence of all lije on the earth. 



Section I. 

CONTINENTAL WATERS. 



CHAPTER I. 
Physical Properties of Water. 

146. Compoaition. — Water is formed by the 
combination of oxygen and hydrogen, in the pro- 
portion, by weight, of eight parts of osygen to 
one part of hydrogen ; or, by volume, of one part 
of oxygen to two parts of hydrogen, 

147. Properties. — Pure water is a colorless, 
transparent, tasteless, and inodorous liquid. It 



freezes at 32" Fahr., and, under the ordinary 
pressure of the atmosphere, boils at 212° Fahr. 

Water exiHts in three states; wlid, liquid, and gaitmii. 
Under ordinary eircamstanccs it freezes at 32°. It evapo- 
ratfa, or pasara off from the surface as vapor, at all tempera- 
tHTtt, even at 33° ; but it is only at ttie hoiling-point that 
the vapor esmpes froni the moM of the liquid as well as 
^ni the surface- 
Heated in open TOBelH, noder the ordinary pressure of 
the atnioaphere, id intptratute tasnot he raited AtgAn- than 
212°, any increase of heat only causinK it to boil niore rap- 
idly. Heated in closed vessels, which prevent the escape 



of steam, its temperature can be raised very high. In 
such cases great pressure is exerted on the walls of the 
yessel. Conversely, on high mountains, where the pres- 
sure of the atmosphere is lower than at the level of the 
sea, water boils at temperatures lower than 212° Fahr. 

148. Maximnm Density of Water. — A pint of 
cold water is heavier than a pint of warm water, 
because as water is cooled it contracts and grows 
denser. The coldest pint of water, however, is 
not the heaviest. The heaviest pint of water is 
water at the temperature of 39.2° Fahr. This 
temperature is therefore called the temperature 
of the maximum density of water. If water at 
this temperature be heated, it becomes lighter, or 
expands ; if water at this temperature be cooled, 
it also becomes lighter or expands until ice is 
formed, which floats on the water. When at the 
temperature of its maximum density, water is 
7.2° warmer than the freezing-point. 

149. Effect of the Maximum Density of Water 
on its Freezing. — If water continued to contract 
indefinitely while cooling until freezing began, 
the ice first formed would sink to the bottom, and, 
this process continuing, the entire mass would soon 
become solid. In this manner all bodies of fresh 
water, in times of great cold, might freeze through- 
out ; when, not even the heat of a tropical sun 
could entirely melt them. 

But for this curious exception in the phsrsical properties 
of water, at least three-fourths of the globe would be in- 
capable of sustaining its present life. 

The entire floor of the ocean, both in the tropics and in 
the temperate and the polar regions, is covered with a layer 
of cold, salt water at nearly the temperature of its maxi- 
mum density. In the tropics the surface-water is warmer 
and lighter than this dense layer, and in the polar re- 
gions it is colder and lighter. 

150. Specific Heat of Water. — Another re- 
markable property of water — its specific heai — 
enables it to play an important part in the 
economy of the world. 

The specific heat of a body is the quantity of 
heat-energy required to produce a definite in- 
crease of temperature in a given weight of that 
bod v. 

Water has a very great specific heat ; that is, 
a given qxjuiniiitj of water requires more heat-energy 
to wartn U, and gives out more heat-energy on cool- 
ingy than an equal quantity of any other common 
substance. 

The quantity of heat required to raise a pound of ice- 
cold water to 212°, would heat a pound of ice-cold irtm to a 
bright red heat^ or to about 1600° Fahr. ; or, conversely, a 
pound of boiling water cooling to the freezing-point, would 
give out as much heat as a pound of red-hot iron cooling 
to 32° Fahr. 



The enormous capacity of water for heat is of 
great value to the life of the earth. The oceanic 
waters are vast reservoirs of heat, storing heat in 
summer and giving it out in winter. The great 
specific heat of water prevents it from either heat- 
ing or cooling rapidly. Large bodies of water, 
therefore, prevent great extremes of heat and 
cold. 

15L Heat Absorbed or Emitted during Change 
of State. — During the conversion of a solid into 
a liquid, or a liquid into a vapor, a large quantity 
of heat-energy is absorbed. This heat-energy does 
not increase the temperature of the body, and 
therefore cannot be detected by the thermometer. 
The heat-energy is then in the condition of stored 
or potential energy, sometimes called latent heat 
When the vapor condenses into a liquid, or the 
liquid freezes, the stored heat-energy again become§ 
sensible as heoL 

In freezing, water gives out heat and raises the 
mean temperature of the atmosphere. 

In melting, ice takes in heat and lowers the mean 
temperature of the atmosphere. 

Water has a higher latent heat than any other 
common substance. 

Stored Heat-Energy of Ice- Cold Water. — In 

order to heat a pound of water 1® Fahr. an 

amount of heat called a heat-unit, or a pound 

degree is required. Before one pound of ice at 

32^ Fahr. can melt and form one pound of water 

at 32^ Fahr., it must take in 14^ heat units; and 

yet a thermometer plunged in the water from 

melting ice will indicate the same temperature as 

when entirely surrounded by lumps of the un- 

melted material. 

The great latent heat of iee-cold water has an important 
influence on the freezing of large bodies of water, since, 
after the surface-layers have reached the temperature of 
the freezing-point, they have still 142 heat-units to lose be 
fore they can solidify. Again, when ice reaches a tempera 
ture of 32° Fahr., it has still 142 heat-units to absorb before 
it can melt. Were it uot for this fact destructive floodi 
would ofteu result from the rapid melting of the winter's 
accumulation of snow and ice. 

Stored Heat-Energy of Water- Vapor. — Before 
one pound of water can pass off as vapor, it 
must take in sufficient heat to raise nearly 1000 
pounds of water 1° Fahr. The vapor which then 
escapes is still at t)ie same temperature as the 
water from which it came. The 1000 heat^niiSf 
or pound-degrees of heat, have been rendered latent, 
and have no influence on the thermometer. 

When the vapor in the air is condensed as rain, 
snow, hail, fog, or cloud the stored heat-energj 
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again becomes sensible. Much of the vapor 
which is formed in the equatorial regioaa b car- 
ried by the winds to high northern latitudes, 

where, on condensing, it gives out its heat and 
moderates the intense cold which would otherwise 

152. Solvent Powers.— Water is one of the best 
solvents of all common substances. During the 
constant washings to which tlie continents are 
subjected by the rains, their surfaces are cleansed 
from decaying animal mid vegetable matters, 
which are partly dissolved and carried by the 
rivers into the ocean. The atmospheric waters 
in the same way cleanse the air of many of iia 
impurities. 

153. Water is the Hain Food of Animals and 
Plants. — By far the greater part of the bodies of 
animals and plants is composed of water. With- 
out large quantities of water no vigorous life can 
be sustained in any locality. 

DeeerU are ea\i»ed entirely by the absence of 



CHAPTER II. 
Drainage. 

154. Drainage. — The atntoapherie uxttern, or 
those which fall from the atmosphere as rain, 
hail, or snow, either sink through the porous 
strata and are drained under ground, or run 
directly off the surface. Thus result two kitids 
of drainage — Sublerranejnt and Surface. 

165. Subterranean Drainage. — The water which 
sinks through the porous strata continues descend- 
ing until it meets impervious layers, when it either 
runs along their surface, bursting out as springs 
at some lower level, where the layers outcrop, or 
it collects in subterranean reservoirs. The origin 
of all springs is to be traced to subterranean 
drainage- 

Underground streams BometlCDM Attain cons! denbleaize. 
Ill portiouB of the Swiss Jan. utreains burst from the sides 
of hills in Bufflcient Volume to tarn the whcvis at tuuder- 
kttly larsG mills. In ft few instances the suhterrauesu 
stream can be ii&vig>t«d fnr eanaidenbla distauces, ss in 
the Mammoth Cave of Kentnckf, or ia tbe Grotto of 
Adelsbcrg, near Trieste, 

156. Stir&ce Drainage. — The water which is 
drained directly from the surface, either runs 
down the slopes iu rivulets and rills, which, 
uniting with larger streams, are poured directly 
into the ocean, or it collects in the depressions of 



basin-shaped valleys, where, having no connection 
with the ocean, it can be discharged by evapora- 
tion only. Thus arise two kinds of surface drain- 
age — oceanic and inland. 

IS?. Springs are the outpourings of subterra- 
nean waletH. The waters, having soaked through 
the porous strata, agaiu emerge at the surface, 

(1.) By running along an inclined, impervious 
layer of clay, hard rock, or other material until 




Fig. B7. OriglD of Bprtngi, 

they emerge at some lower level, where the strata 
outcrop; or, 

(2.) By being forced upward ont of the reser- 
voirs into which they have collected by the pres- 
sure of compressed gas, highly heated steam, or, 
more commonly, by the pressure of a communi- 
cating column of water. 

tt is in the flrst way that moat of the springs of moun- 
tainous districtB discharge their waters. The tilted and 
broken condition of the strata it such as to favor tbe es- 
cape along some itt tbe man; layeia that croji out on the 
mountain -slopes. Tbe sprium of plains, wb ieh are at soma 
distance from mountains, discbnrge their waters maiulji by 
the metboda mentioned under the secoud beadiug. 

When a well is dug in most porous soils, th? wati^r from 
the porous strata ou the sides ruos in and partially fills 
the opening. 

158. ClaaBiflcation of Springs. — Springs are 
most conveniently arranged in different classes 
according to peculiarities in the size, ihape, and 
dejith of their reiervoirs, and the nature of the 
mineral mib^ttinces compoming the gtrala over w-AicA 
the imiern fiou; or in whith they enlletl. 

The Keservoin of springs are the places where 



the w&ters that sink into the ground collect. 
Reservoirs are eometinies large Bubterronean 
baeine, but more frequently are merely porous 
strata, such as beds of sand or gravel, which lie 
between impervious layers of clay or hard rock. 
The water collects in the spaces between the par- 
ticles of sand or gravel. 

159. Size of Eeaervoir. — When the reservoir 
is lar^re.the spring is constant ; when email, the 
spring is temporary. 

Coiutant Springs are those which flow continue 
ally, and are but little affected in the volume of 
their discharge even by long-continued droughta. 

Temporary Springs arc those which flow only 
for a short time after wet weather, drying up on 
the appearance of even moderate droughts. 

TKt quanlity of water dUcliarged by a ipring drpendi on Ike 
(izc of the mifiee or oailel labr, and the ilepth of the outlet be- 
low the lurface of the irattr in the retemir. The fluw is 
proportional to the square root of the dvpth. That ia to 
My, if with a given depth of ortflce the velocity be one 
fool )>er second, In order to make the water eHcapo with 
twice the velocity the depth iiiuBt be increased fourfold. 
The actual velocity is somewhat less than this, being di- 
minished by friction. 

Since the volume discharged by some springs 
is very considerable, we must infer that their 
reservoirs arc of great size. Many springs prob- 
ably receive the drainage from hundreds of 
square miles of surface. 

leO. Shape of the Reservoir.— When the out- 
let tube of the reservoir is siphon-shaped, the dis- 
charge of the spring becomes periodical. The 




rig.S8. A FvriDdktl Bpring. 



spring continues to dii^charge its waters for a 
time, and then stops flowing, even during wet 
weather. Atler a certain interval it again dis- 



charges. The times during which the spring con- 
tinues to discharge are always practically the 
same. Hence the spring is called a periodiail 
spring. 

The Cftase of periodickl aprinfca U dne to the slphon- 
sbape of the outlet tube. A siphon Is a tube so bent •• to 
have two vertical arms of aneqaal length. When flUed, 
it will continae to discbarge as long as its shorter arm is 
below the water and the loDKcr arm free. If a large c*v- 
eruous reservoir lie in conuection with the snr&ce of the 
earth by a tube of tbis shape, it will begin to discharge its 
water when, by inllltration, the level reaches the highest 
bend of the tube, asat n, in Fig.58, ainci.' the water will then 
drive out the air aud fill the entin> tube. The discbarge 
will then continue nulll the watvr.level falls below the 
tnouth of the tube, or at b, in the figure. The time of the 
discbarge ia alwaya practically the same, since the same 
quantity is discharged each time under exactly similof 



Springs are common on the short-s of the ocean. Their 
waters are fresh liccause the outflow of the fresh water 
prevents the inflow of thu salt water. This ia the caoe 
even on coral inlands, where the height of the land is 
but ten or twelve feet aliove the Ben. A comparatively 
shallow well, on surb islands, generally yields fresb water, 
derived, of course, from the rainfall. 

161. Ilepth of ReserroiT. — According to the 
distance the rescr\-oir is situated below the sur- 
face of the earth, springs arc divided into Cold, 
and Hot or Thermal. 

Cold Spring) are those whose temperature does 
not exceed 60° Fahr. Their waters are sometimes 
much colder than GO" Fahr. 

Very cold springs owe their low temperatures 
to the sources whence they draw their supplies. 
In mountainous districts these can generally be 
traced to the melting of huge snow-fields, or 
maesca of ice called glaciers. The temperature 
in such cases is often nearly that of ordinary ice- 
water. 

The reser^'oirs of all springs the temperature 
of whose waters ranges from 50° to 60° are, in 
general, comparatively near the surface. They 
are colder than surface waters — 

(1.) Beoauise they are shielded from the sun ; 

(2.) Because evaporation occurs in their cav- 
ernous reservoirs. 

The teinpiTuture of springs of this kind is, in 
gencnil, but slightly affected by changes in the 
temjK^rature of the outer air. Since the reservoirs 
of ordinary springs are shielde<l from the hot wr 
in sunmier and front the cold air in winter, their 
water) arc colder than river-water in summer, and 
warmer than river-water in winter. Their waters 
average, in their temjierature, that of the strata 
over which they flow in their subterranean course. 
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The mean annual temperature of ihe atniia over 
which the wafer* flow can, therefore, be aecertatned 
by plunging a thermometer into the water a» it 
coiner oiit of Ihe spring. 

Hot or dermal Springs range in temperature 
from 60° Falir. to tlie lx>i ling-point. In geygera 
the temperature of the water far down in the tube 
is considerably above the boiling-point at the sur- 

Hot springs which occur in the neighborhood 
of active volcanoes owe (AeiV high temperature to 
the vicinity of their reservoirs to beds of recenily- 
ejeded lava. 

Hot springs, however, are common in regions 
distant from volcanic disturbance. In such eases 
their high lemperalure must be attributed to the dis- 
tance of their reservoirs from the earth's surface, the 
heat being derived directly from the interior. 

In some caws the source of the heat is to be attributed 
to cheniioil actioa in neighboring strata. 

Thermal springs, whose reservoirs are at comparatively 
moderate de|illia, may discharge their waters by ordinary 
hydrostatic pressure ; but where, from the great depth of 
the ruservoirs, this forw would be iiiBUfflcieDt, the waters 
are probably raised to tbe surfare b; the pressure of super- 
heated su«m or compressed gas. 

Bince tbe teniperature riaea 1° fur about every 55 feet of 

descent, iu coses where the increased leoiperature is due 
solely to depth, if the issuing waters havo a tempera- 
ture of 149° Fahr., tbe reservoirs must be about one mile 
below the surface, or flfcy-llve times the dilTerence between 
US" Bud 60°, the temperature of ordiuary springs. In 
many casps tlie waters probably rise from prufound depths 
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pressure on their reservoirs, so that pumping is 
not necessary to raise the water. Such wells ar« 
therefore true springs. 

The reservoirs are basin-shaped, and generally 

consist of several water-logged, porous strata, con- 
tained between two, curved, impervious strata. If 
the upper porous layer be pierced, the waters will 
flow out by reason of the preseure of the liquid 
in the higher parts. The reservoirs of many 
natural springs are of this kind, the upper im- 
pervious strata being broken in one or more 
places by some natural force. 

Artesian wells have been sunk to (treat depths, and it 1« 
a significant foct that tbe temperature of the issuing 
waters is always proportional to the depth, showing ■ 
nearly constant increase of 1° above the temperature of 
ordinary springs— viz, about 60° Fabr.— for every 55 feet 
of descent. In tbe cose of the artesiau well of Grenolte, 
Paris, the successful boring of which whs accomplished 
only after many yean of the most discouraging labor, 
■Dd which reached a depth of nearly 1800 feet, [he tem- 
peiKture of tbe water was H3° Fahr. A well at Neusali- 
werlt. Prussia, haa penetrated i!200 feet; its trmperatups 
is 91° Fahr. 

163. Oeysert are boiling springs which, at in- 
tervals more or less regular, shoot out huge col- 
umns of water with great violence. They are 




FIg.eo. QayuT is EnptiDa. 

confined to the neighborhood of volcanic dis- 
tricts, and, by some, are classed with subordinate 
volcanic phenomena. The jets of water some- 
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times reach a height of more than two hundred 
feet. 

The geyser issues from the summit of a conical hillock 
of silicious material deposited by the water. A broad, 
shallow basin generally surmounts the hillock and forms 
the mouth of a deep, funnel-shaped tube. The sides of 
both tube and basin are lined with a smooth incrustation 
of silica. In the Great Geyser of Iceland, the basin is 52 
feet wide and the tube 75 feet deep. 

Both the tube and basin are the work of the spring, 
being deposited from the silica contained in the highly 
heated waters. It is only when the tube has reached a 
certain depth that the spring becomes a true geyser. 
When the depth becomes too great the geyser eruptions 
cease, the waters forcing their way through the walls of 
the tube to some lower level. Hence, in all geyser re- 
gions, numerous deserted geyser-tubes, and simple ther- 
mal springs occur. 

The waters of some geyser regions arc calcareous. In 
this case the tube of the geyser is, of course, formed of 
limestone. 

164. Bunsen's Theory of Oeysers.— Bunsen explains 
the cause of geyser eruptions as follows : The heat of the 
Tolcanic strata, through which the geyser-tube extends, 
causes the water which fills it to become highly heated. 
The water at the bottom of the tube, having to sustain 
the pressure of that above it, gradually acquires a tem- 
perature far above the boiling-point at the surface. The 
temperature of the water in the tube will, therefore, de- 
crease from the bottom to the surface. 

If now, when the tube is filled, the water, near the mid- 
dle, is brought to its boiling temperature, the steam thus 
formed momentarily lifts the water in the upper part of 
the tube, when the water in the lower i>art, released from 
its pressure, bursts into steam and forcibly ^ects the con- 
tents of the tube. 

Bunsen succeeded in lowering a thermometer into the 
tube of the Great Geyser in Iceland just before an erup- 
tion. At the depth of 72 feet he found the temperature 
of the water to be 261® Fahr., or 49° above the ordinary 
boiling-point. 

165. Geyser Begions. — There are three exten- 
sive geyser regions: 

(1.) In Iceland, in the eouth-wastcrn part of 
the island, where over one hundred occur in a 
limited urea. 

(2.) In New Zealand, about the centre of the 
northern island, where, near the active volcano 
Tongariro, over one thousand nuid sj)rings, hot 
springs, and geysers burst from the ground. 

(3.) In Yellowstone National Park/in^Vyoming, 
where numerous large geysers occur, mostly near 
the head- waters of the Madison and Yellowstone 
Rivers, at heights often as great as 8000 feet 
above the sea-level. Here the boiling-point of 
the water at the surface of the geyser, owing to 
the diminished atmospheric pressure, is as low 
as about 200° Fahr. 

A small geyser region is found in California, 
near San Franei.sco. 



166. Vatnre of the Mineral Snbftancei fbrm- 
ing the Keservoir. — The subterranean waters dia* 
solve various mineral matters either from the 
strata over which they flow, or from their reser- 
voirs ; this is especially true of thermal springs, 
owing to the greater solvent powers of the heated 
waters. 

The waters of mineral springs generally contain 
a number of mineral ingredients. Mineral springs 
are divided into various classes according to the 
predominating material. 

(1.) Calcareous Springs are those whose waters 
contain lime in solution. 

Thermal waters charged with carbonic acid osually con- 
tain large quantities of lime, which they have dissolved 
from subterranean strata. On reaching the surface the 
waters cool and ])art with some of their carbonic acid, and 
deposit layer after layer of hard limestone, called frarertime. 
In this way immense quantities of limestone arc brought 
to the surface from great depths, leaving huge subterm- 
nean caverns. 

In portions of Tuscany, Italy, beds of travertine occur 
more than 250 feet thick. 

(2.) Silicious Springs are those whose waters 
contain silicon. 

(3.) Solphnrous Waters are those whose waters 
contain sulphuretted hydrogen and various metal- 
lic sulphides or sulphates. 

Sulphurous springs are found in Baden, near Vienna, 
and in Virginia. 

(4.) Chalybeate Waters are those whose waters 
contain iron. 

(5.) Brines, or those whose waters contain com- 
mon salt. 

The springs of Halle, in the Alps of Salxburg, yield 
15,000 tons of salt annually. The artesian well of Nea- 
salzwerk, Prussia, yields about 28.000 tens annually. In 
the United States the springs of .Salina and Syracuse are 
among the most important. The water in the springs of 
Salina is ten times Salter than ocean- water. The salt is 
obtained from these springs by the evaiK>ration of the 
water. 

(6.) Acidulous Springs are those whose waters 
contain large quantities of carbonic acid gas, as 
the Seltzer springs in Germany, and those of 
Vichv in France. 

167. Petroleum and Bituminous Springs. — Be- 
sides the springs above mentioned, there are two 
others, closely connected, but which can scarcelj 
be included in anv of the above classes. These 
are petroleum and bituminous springs. 

Petroleum Springrs are those containing rock- or ooal- 
oil. They rise from large reservoirs containing oil insteftd 
of water. Tlut oil is derived from the slow decomposition, 
in the presence of heat, of various animal and vegetilile 



matters which are found in the strata of nearly all the 
geological formations. The reservoirs are of the same 
nature as those of artesian wells, the oil being obtained 
by boring. 

Petroleum springs are numerous. The most extensive 
regions in the world are found in the great oil districts of 
Western Pennsylvania and the neighboring States. 

Bituminous Springs, or those from which pitch or 
bitumen issue. Their origin is the same as that of oil 
springs, the decomposition, however, occurring in a some- 
what different way. The famous pitch lake on the island 
of Trinidad, north-east of South America, probably owes 
its origin to the large quantities of trees and other vege- 
table matters, which have been rolled down the Orinoco 
and buried in the delta formation on the eastern shores 
of the island. 
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CHAPTER III. 



Rivers. 



168. Definitions. — The water that issues from 
the ground as springs, that is derived from the 
melting of ice or snow, or that drains directly 
from the surface after rainfall, runs down the 
slopes of the land and collects in the depressions 
formed by the intersection of the slopes, forming 
rilb or rivulets, which at last combine in larger 
streams called rivers. 

The source of a river is the plaje where it 
rises ; the mouth, the place where it empties ; the 
channel, the depression through which it flows. 
Rivers generally rise in mountains, where the 
rainfall is greater than elsewhere, and where 
vast beds of snow and ice occur. 

In reality, all rivers have three mouths, or places where 
they discharge their waters : 

(1.) Where the river empties directly into some other 
body of water ; 

(2.) Where the river empties by evaporation into the 
air; that is, its entire upper surface; 

(3.) Where the river empties into the earth through the 
porous strata of its bed or channel. 

Since the downward motion of a river is caused by the 
inclination of its channel from the source to the mouthy a 
correct idea of the general inclination of any country can 
be obtained by a careful study of a map in which the di- 
rections of the rivers are represented. In studying the 
various river-systems the student should endeavor to ob- 
tain in this way clear ideas of the general direcUtnu of tk€ 
continental Mopes. 

The River-System is the main stream, with all 
its tributaries and branches. 

The Basin is the entire area of land which 
drains into the river-system. 

The Watershed is the ridge or elevation which 



separates two opposite slopes. The streams flow 
in opposite directions from the water-shed. 

The Velocity of a river depends on the inclina- 
tion or pitch of the channel and the volume or 
depth of the water. 

169. Eiver-Gourses. — The river-channel, from 
its source to its mouth, is, for ease of description, 
conveniently divided into three parts or courses : 
the upper, middle, and lower. 

The Upper Course of a river is that part which 
is situated in the mountainous or hilly country 
near its source. In this course the river has a 
great velocity, and its channel is characterized by 
sharp, sudden turns, alternating with long, straight 
courses. In the upper course erosion occurs 
almost entirely along the bottom of the channel, 
so that the river runs between steep, and some- 
times almost vertical, banks. In this way river- 
valleys are formed, generally with narrow and 
overhanging, precipitous sides. In the upper and 
middle courses rapids and uxiterfails occur. 

Rapids and Waterfalls, — During the erosion of 
the channel, where harder rocks occur in the bed 
of the stream, the softer strata, immediately adjoin- 
ing them down stream, are rapidly worn away, and 
the obstruction becomes at last the head of a 
waterfall. The height grows rapidly from the 
increased force of the falling water, and continues 
until stopped by some similar obstruction below. 




Fig. 61. Erosion of Waterfall. 

Thus, suppose a a. Fig. 61, is the bed of a river, the di- 
rection of flow of which is shown by the arrow. The softer 
rock being worn away more rapidly, the bed reaches the 
level 1,1. A fall, and conseijurnt incr<»ase in the velocity 
of the river, soon causes the level of the bed to reach 2, 2, 
3. 3, and 4, 4, succcRsively. At the same time the falling 
water eats away the vertical wall of the precipice, causing 
the waterfall to move up stream. The water then cuts the 
precipice away in steps, as shown at 5, 6, 7, thus changing 
the fall into cascades. These are finally worn away, as 
shown at 8, changing the cascades to rapids, when, finally, 
the fall disappears entirely, or the erosion of the hard 
rock is completed. 

When the water falls perpendicularly — that is, 
when it does not slip or slide — it forms a water- 
fall or cataract; in all other cases of swift de- 
scent it forms rapids. 
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Fig. 82, The FtlU of HUgii 



71.1 ytf'I'tl f'dU i« Ihr irorld lire thnsc of the Niagara, 
Ml t-t •. i,.-/U. 'I'li.muli Rreutly iiifprior to many "Dliem in 
u./'.<. ;>-i ilii-lr viiliime uf nratrr a no K^eat that tliej 
evj;.«» «,i '.Ui'-m in Kraiidvur. The VJduria FalU uf the 
%*M.v/i III Afri'^a iii^arly equal in voluiuv thwHt of the 
H.^sis 'l'h<-ir iiMitht is SaH feet. 

1 *» «.i^i^(l /alU in (iie inirU arc those of the YaBcmiti^, 
Ui 'Jtl.t'iiiiin. Two )>nt)ectiiiK U'iIkim break thi< sliei't into 
t/.f: taJJ», wli'JW total huight eiceeiU aaK) fiiet. Oiiti of 
tiv: tiijili'r.i fallH ill Eiiro[>i! Is the StAiihbach or UuHt-lirook, 
III till: vaJI>-y of the Ijiuterbriiiiiieii in SwitU'tlaiid. Ttiu 
w;.V^r iiiali<-<. oiii: Hlicer fall of »r>U fi'i-l, aiirl in lout in a 
tlii'i-t '>r mist Ix'fore it reaches the Kci'ii'i'l' 

Tb« Middle Courge extendi t'mrii wh(:ru the 
rivi-r i.-iiji;r[res fruin the iiiouiitniii'iu:< or hilly iIih- 

trii;U ti< till? low plaiiis tii'tir thi^ mouth. The 
ik-Hci'iu U njtii para lively 8li;;hl, uiiil t)u; velocity 
Hiimll. The erosion of tlie hulliiin of tin- cliuiim-l 
U iiieigiiilicuiit, but al the, niiii:-, *!S|K'i'iiilly iluririK 
fn«hetif, the river undcrmiiieti it.t himkn iiml thiw 
wiil'-iiH its vullev. Here the river i:* ilivuliil jiilit 



/"■"/"■'■ 



ii>l the 



from tli>' ini<l<lle 
i^< r'litrhl, mill the 



two ilii'tiiiet ]>ortioiis ; the plinnni-i 
(dluviul fiuU or flood-ijr'iUHfla. 

The Lower Course exu-ml:* 
course to the mouth. Tlie ftil. 
velocity i-mall. 

170. Ctianges In Rtver-courveti.- - l)iiriiiu HihhIh 
thu velocity and enxlinK power itn' unttlly jneniiw 

tensive HianjreB oftpn .icriir in riv(T-(^.iir«>H. Afl. 

flowla have subsided the watiT is found roniiiiii! Iliroiicli | 
new channr^ls. its old ones li.-iiiR .■iilier <r,i,i|,l,.|. Jv Jllled i 
with delimits of mud. or .KTii|,i..d l,y -l.Tid-i ftr.-um-. 
Along the Mii«issl]i)ii Ilu'Si; [iiirtiully di'-xTled rlniiiiu'ls 
•MaKll«d Anyouf.uud, in jdariH, widen out liitolarKe lakes. 



(See Fig. S3.I The Red Biver appears to h>ro fonnerlr 
emptied iuto the Mexican Gulf through a aepaiste ehui- 
Del. Ill the basins of the Amazon, the Gangca, and the 
Fo, tlie old deserted channels are unmeroD* on both buiki 
of the streami. 

171. Biver Koatha. — A wide, open river-mouth 
is called an Estuary; the accumulation of mud 
or sand which occurs in the mouths of certain 
rivers is called a Delta. 

172. Immdations. — During certain seasons of 
the year, the amount of water drained into the 
river-channel ii^ greater than it can discharge ; it 
then overflows its banks and inundates the sur- 
rounding country. 

Inundations of rivers are caused — 

(1.) By excessive rainfall; 

(2.) By [wriodical rains ; 

(3.)' By the melting of ice and snow. 

In the tropics, where the rainfall is more or 
letis [>criodical, the inundations of the rivers are 
also periodical. The melting of the ice and snow, 
which occurs regularly at the beginning of the 
warm weather, also causes periodical inundations. 
The Nile rises annually on account of the period- 
ical rainfall of its upper sources; the Mississippi 
Bcmi-ainiually, once from the melting of snow, 
and once from the winter rain&ll. 

When both the area of the river-baain and the t«tuUl 
In Inches are known, experience permits of a calcnlation, 
by means of which the probable time and extent of rise of 
water In n river can be approximately predicted. In time* 
of heavy ruitifall, the Wcatiier Bureau of the United 
StuteH is enabled to predict the probable rise of the im- 

Influence of the Destruction of the Foreets on In- 
undatlona.— When the foresla are removed from » lufa 
|H>rtiiiii nf a river-boHiii, the raiua are no longer abaorbed 
f|Uietly by tlie Kround, but drain rapidly off iU surf«ce into 
tbe river-rhunncls, and thus in a short time the eiiUie 
preeipilutiuu Ih poured into the main channel, causing an 
overHow. It is fruiu lliis cauw that Ibe disaBtrons eHecta 
of ulherwiac hannless storms are produced. The iouudo* 
tioiia arc iniHt inlenHiHinl by this cause in the early springy 
when the See and Miow becin to melt. The destructive 
I'lrectsoftlii' fliKHlsare inrn-Hsed by masses of floating lee, 
wliich, biitiiniiiiu uoruiil In Hhiilhiw places in the stream, 
back up the watiTM uIhivc. The increased frequencj of 
iuundalioiis in the irnited Stales is, to a great extent, to 
be iitf ributi'd to (he rjpiil de.itriieti<iii of the foreata. 

173. The Qnantity of Water Siicharged by » 
fiiver depends principally — 

d.) On thcstVof the basin; 
<2.) On the •imoinit of the rainfall. 



■* of Ihe bariM, whether wooded 
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(3.) Od the H. 



c brd Dj 



i«J, wbi-lher leaky 



It will be noticed that thcM tbn 
couDected with the two ikdditioiial river-moutbs already 
•lliidcd to: the Bir-snrfnco of the river, and the chaonel- 

Keich Johnaloii estimates the dally discharg:e of all the 
Tivcra of the world at 849,000.000,000 cubic yards. Or over 
3,6-^,000 cubic yards per secoud. 



CHAPTER IV. 
Transporting Power of Rivers. 

174. Silt or Detritus. — Rivera are ceaselesely 
at work carrying the eroded tflaterials, called siU 
or delrUw, from their upper to their lower courses. 
Valleys are thus formed, miles iik width and thou- 
sands of feet in depth, nnd lofty mountains greatly 
reduced in height. 

The amount of silt trauaporled by rivers is almost in- 
credible. Accordiog to the carerul estimates of Hum- 
phreys and Abbot, the silt brougbt down every year by 
the MisslsBippi and thrown into the Mexican Qulf, If 
collected in one ;>1ace, would cover a field one square mile 
in area to the depth of 268 feet. Accordinx to Lycll, tbe 
deposits. In the Bay of Bcncal, of the tlanRes aud tbe 
BruhmB|>oolra, an: nearly as great. 

The rivert are carrying the jnminlaina geatcard, 
and the eontiiients are ih-us decreasing in mean 
height and inereoJiing in mean breadth. 

175. Deposition of Silt— -Since the gilt or 
eroded mineral matter is heavier than water, it 
will »eUle in all parts of the river-course. It will, 
however, remain in those places only where the 
velocity of the river is comparatively small. 
These places are as follows: 

(1.) In the channel of the river; 

(2.) On the banks, over the alluvial flate or 
flood-grounds ; 

(3.) At the mouth ; 

(4.) Alony: the coast near the mouth. 

178, In the Channel. — In rivers that traverse 
great plains, the inclination near the mouth is 
slight, and the diminished velocity allows the ma- 
terial to accumulate in the channel, thus raising 
the general level of the stream. When the rivera 
traverse settled districts, the inhabitants are com- 
pelled to erect huge river-walls to prevent the 
flooding of the adjacent lands ; and, in some places, 
the channel has been filled to such an extent that 
the ordinary level of the river is higher than that 
of the plains along its banks. 

Tho levees or banks of the MiMJnippi are of this nature. 
On tho level plain of Lombardy tbe surface of tbe Po, In 



r-wall 



>n the tops uf the DeiebboriDg 
[ in such districts, the breaking 
B gencmlly attended by muell 



ITT. Rafte.— Drift limber, thrown into the stream by 
the nnderminInK of (he banks. Is common in rivera thai 
traverse wooded diatricts. Portions of such timber, be- 
coming imbedded in shallow parts of the channel, foria 
obstructions which prevent the passage of subsequent 
masses. The impediment so formfd checks the velocity 
of the stream, and mud deposit! 






-c called 



The raft of tbe Red 
■asthirtfen miles in lenjctfa. 
Jth of the Mackenzie Biver 



A large raft e: 
in British Am 



178, On the Alluvial Flats or Flood-grounds. 

— The low flat plains on the sidi« of the river, 
which are formed by the erusion of the banks in 
the middle and lower courses, are covered by the 
water when the river overflows its biiiiki!. In the 
shallow watf;r over these parts the velocity of the 
water is slight, and the silt is deposited, thus 
forming rich alluvial plains- 

In lance riven the flood.groiinds often attain consider- 
able siie. In the Mississippi at Vii ksburg the width of 
the alluvial plain is over 60 miles. 

In the lower courses of a river, the velocity 
being small, comparatively alight olistacles suffice 
to turn the waters frotn their course. The river- 
channel is therefore cliaracteriaed by wide bends 




Hg, 63. AIIdtUI Flsu of the Mluluippi, 



(Showing deiened coi 



vlalllt Islands and lBke&> 



or curves. At the bend of a river the main cur- 
rent is directed against one of the banks, where 
rapid erosion takes place, the eroded material ac- 
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cumulating; lower down the river, in the bed of 

the stream, wliere the ^ elotity is small The river 

IS thub coiitiiiuiUh damming 

NV^ up portions ot its old chau- 
^ nel luid cutting iitn ones 
\ The rapid excavation of 

I these iKtrtions of the allui ml 
plain Is favored b\ tlit loose 
materiiU whuh tompose it 
Ntnietiuits the n\er cuts a 
channt.1 across tlit nnr 
row iieik of a l>end, part of 
Its vkaters runnin<; through 
the old chiLunel and jiart 
throu):h thi. new In thia 
^V1^ ftiniatife inlands are 
formed One of the chan- 
nela i- soiiii-times leitarated 
from the othir h\ a dcposi 
tion of mud or sand The 
water fills the old cliannel 
h\ soaking through the soil, 
and thu- jtuiiatife lalee are 
formed > uiuL rous fluviatile 
lakes occur near the hanks ot tlie Lower Missis- 
■tppi and the Red Ki\er 




aM >DnBitioii oT 
Uls Iilinli ud 
IdkM. 



Thus. HuppoM the rivet flons in the direrttoD of tb« 
BTTun- at S, Fi^. M, and itn cliBiiIiel baa the beaiU ■howo. 
A new clianiii^l muy be fanned at a, b, the river eithor 
SowiDK through biitli rhmiiieiii, thus converting the nock 
of land I, iiiM t, fliivlatlle island, or the old duurnel mar 
fill up aud form a fluvintile lake, L, by btat fomlnK ta 
the old channt;! at a and i. 

179. At the Hoath.— Delta Pomutiou. — bi 
sheltered parts of the ocean, where the tides are 
weak and the ocean-currents feeble, or in inland 
seas and lakes, where they are entirely absent, the 
eroded material accumulates at the mouth of the 
river in large, triangular-shaped deposits, called 
delta*, from their resemblance to the Greek letter 
(J) of that name. 

Tba Delta of tbo Mtsslealppt is the largest id the 
Wi-fltern Continent. Its entire area if Hb<iiit I-2.:)00 iqnan 
miles, thougb but tnu-thinls of it aru permanently abova 
the water, the retUHiiider liciiiB a sea-marsh. It begins a 
little below the nxiiitli of th(^ Ktd River. The slream coU 
thtoUb'li tlie delta in "ue main eliaiiiiel, but near the ei- 
trcme cud of the delta forms several mouths. On ail sides 
of tbr uiaiu stream, iiuiutirmis suialliT strraius force their 
way iutu the <iulf tbruiigh the soft material. 

The Delta of the Nile, at its outlet into the Mediter- 
ranean, nei-upifH an area of nenrly fNKW S(|Uare miles. K 
lariie inrtiou of the sediment uf (he river is de|)osited ov«r 
the fliHid-grauuda during Inundations. The fertility of the 
land ia lartcely di'|ieudetit un tliene d('|>osits. 




Fig. 66. Betli of tba Hluisiippi. (Alter Daua. 



The Delta of the OanKsa and the Brahmapootra, 
in the Bar of Bengal, i^ cousiiienibl.v hirp'r than the IX'ltu 
of the Nile. Detween the llougly and the main branch 
of the Uaiige'i, nuuieruus streams fiircw their way hetwevn 
euuntloss islands, i-alkil the Sunderhunds. iiihahiti'd l>y 
tigers and crocwliles. Thr I'd, thr Rhaur, tk' Rhinr, ami Ihe 
liaimbe in Europe, the rigr'u, Ikt Fiiphraln, tkr Yanf'"- 
Kiang aud Hoang-Uo ia Aiia, ami Ihr /ieuegal and Iht Zam- 
Usi in ^/ri«, haw extensive deltas. 



180. Along the Coast, near the Honth. — FIqtio- 
Mariae Pormations are dejHisits of silt that form 
along the coast near and opjMtsite the mouths of 
rivers, under the eoinhiiied action of the river- 
currt^nt and the tides of the ocean. A sand-bar 
is formed at some little distance from the mouth 
of the river, where the outHowirig river-current 
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Fig. 66. Flsiio-MuiD< FotmUlont. 



and the inflowing tide noQlralize each other. The 
ittilH'diment so formed (>erinit» of the rupid de- 
position of filt, which fills up the portions of the 
oceun 8<> shut off, and ronvcrts them into ahallow 
bodies of water called aoiiiids. These sounds, by 
gradual rising of the land, are* afterward con- 
verted into river-swanipe. According to Dana, 
the eastern and southern coaatjn of the United 
HtateH, from Virginia to Texas, are an almost con- 
tinuous fluvio-niarinc formation, Albentarle and 
Piimlici) S(iu>id» and the Great Diitmal, Alligator, 
aitd Okvfinoke Swampii are but diltereiit stages in 
the formation of the^ deposits. 



CHAPTER V. 
Drainage Systems. 

181. Contineiital Drains^ is i)e{>endent on the 
position of the mountain-systems and the direc- 
tion of tiicir slopes. The ni on ntn in -ridges or 
peaks, or the high plateaus, form the water-sheds. 
In some cases, from a single peak or plateau, the 
watj-r dniiiLH into distinct rirer-sj'stems, cmjitying 
in til iff (.Tent oceans. 

182. North America. — The central plain of 
North America is drained hy four targe river- 
sv!<ti-njs: tlie iMnckcnzie into the Arctic Ocean; 
the Sai<katchewifn and the Nelson into Hudson 
Bay ; the St. Lawrence into the Gulf of St. Law- 



rence; and the Mis^istiippi into the Gulf of Mex- 
ico. The basin of the Mississippi occupies the 
long slojies of the Kwky Mountains and the 
Appalachians. The Miswrnri and the Ohio are 
the prinL'i|)al tributarie!< of the Missiivippi. 

Numerous streams descend the eastern slo|>efl 
of the Ap[talachian system into the Atlantic. 

Owing to the ])osition of the predominant sys- 
tem, the streams which empty into the Pacific are 
comparatively small. The principal are the Kii- 
kou; the Chltnnbia, and the Coloiiiilii. 

Tlicro are Bcveral reniHrknUlp ifliilatnl water-sheds or 
drninage-cfiitrnt iii North AuuTii"a. Tlipse are — 

|1.) In the rvtitral part or the Kooky MounUin oyslvni, 
wliere the lunil drains in difTi-reiit din'cliniis iiilu the sys- 
Unas at tho MiHiisitiii|ii, the Coluuilija, and the (Julundu 



|2.i III the norther 
Bfhcn: the rtntiiinge ii 
Yukou, the Maektnzk 



pnrl of th« Kock; Moonlains, 
received by thu ayBlems of tlie 
ami tlib SaHkatehewan Kiven. 



163. Sonth America resembles North America 
in its drainage systems. The long, gentle slopes 
of the Andes, am) those of the systems of Brazil 
and of Guiana, are occupied at their interseitions 
by the three great river-Bystems of the continent : 
that of the Orinoco, in the north ; that of the 
Amaton, near the centre; and that of the La 
Plata, in the south. Nearly the entire continent 
is drained by these rivers and their tributariee 
into the basin of the Atlantic. 

The Pacific receives no consldenible streanjs. 
Only impetuous mountain-torrents are found. 

The Hniiclalcna. whieh drains north, corresponils to tlie 
Mai-keniiu; tilt; Orimx-o and the Amaiuu, whieh drain 
ea'^t. Id the Nelauu and the SI. Uwmiee: aud the Im 
Platte, whidi draina suulli, lu Ihu Mia>iK>i|>|ii. 

184. Europe forms an exception to the other 
continents as regards its dniinage. Though some 
of its large rivers ri.se in its predominant moun- 
tain-pystem, yet the majority rise in the iiicun- 
sidemble elevations of the Valdai Hills. The 
Alps are drained by four large rivers — the Hhnnt, 
the Rhiin; the fMnubi^, and the I\>. These all 
have large ileltas. 

Althnujili ill thin part uf tht contini-nt thi? frequcnl in- 
terwclioH of Ihe Iivn lines i>( trend iinKiiiceii iiunienins 
baaiii-<i]ia)ied valleys, yet. owing to brt-akn in the eiii'liininfE 
mountaiuE, Diini- of any hIh' have an iiilHiid druiiiage, liut 
discharite their walen throiitch numerous trihuloriea into 
one or another uf the t>riiiGi]iul river-ayBtcma. 

The Great Low Pfiiin of Etirnpe \* dr«ine<! 
toward the north and utM by the Prtrhorii anil 
Diriiia into the Arctic; hy the Dana, the A'lV- 
meit, the Viftula, and the Oder into tlie B«J.tic-, 
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and by the Elbe and the Weter into the North 
Bea. It is drained toward the aomth and etut bj 
the Urat and the Volga into the inland basin of 
the Caspian ; and by the Don, the Dnieper, and 
the Dnieper into the Sea of Azov and the Black 
Sea. 

All the penlDBDlas have Btremma ttavening them. The 
Sciiut, the Loin, uid the Gtrmvut from France, and the 
Dmn, the I^viu, and the Oaudiaita from Bpaln and For- 
tngkl, empty into the Atlantic. The Ebto from Spain, 
and the Po from Itkly, empty into the Mediterranean. 

185. Alia poflseases the moet extensive inland 
drainage of all the continents. The plateaus are 
mrrounded by lofty mountains containing but 
comparatively few breaks, and their waters, there- 
fore, can find no passage to the sea. The outer 
slopes, however, are drained by some of the 
la^i^est rivers in the world. 

TKe Great Northern i%tin drains iuto the 
Arctic, mainly through the Lena, the Yentiei, 
and the Obe. 

The Eastern Slopes drain into the Pacific 
through the Amoor, the Hoang-Sb, the Tancf-tM- 
Kiang, and the Candtodia. 

The Southern Slopes drain into the Indian 
Ocean through the Irravmddy, the Brahmapootra, 
the Qange*, the /ncftu, the Tigris, and the Ett- 
phrates. 

The principal drainage-centre fn Asia ia the Plateau of 
llibet, IVom which descend the UoaoK-Hn, the Yang-tae- 
Kisng, tba Cambodia, the Irrawaddy, the Gauges, the 
BnhmapootrB, and the Indus. 

186, AMca, being low in the interior, with 
high mountain-walla on her borders, is charac- 
terized, like the Americas, by the union of her 
smaller river-systems into a few large streams, 
which drain nearly the entire continent. These 
embrace the Nile, emptying into the Mediterra- 
nean ; the Zambezi, into the Indian Ocean ; and 
the Orange, the Congo, the Niger, and the Senegal, 
into the Atlantic. 

197. Atutr&lia. — The Murray, which drains the 
south-eastern part of the continent into the Indian 
Ocean, is the only canBiderable stream. 

188. Principal Oceania Systems. — A careful 
study of the river-basins of the different oceans 
discloses the following fact : 

The Atlantic and Arctic Oceans receive the 
waiera oj nearly all the large river-eyttemi of the 
world. 

The cause of this is as follows: The predomi- 
nant systems being situated nearest the deepest 
ocean, the long, gentle slopes descend toward the 



smaller, shallower oceans (the Atlantic and the 
Arctic), which thus receive the greatest drainage. 



CHAPTER VI. 

Lakes. 

' 189. Lakes are bodies of water accumulated in 
depressions of the surface of the land. 

They are connected either with the systems of 
oceanic or of inland drainage. The waters of 
lakes draining into the ocean are fresh ; those 
having no connection with the ocean are salt 

Depth. — From their mode of formation lakes 
which occur in mountainous districts are, as a 
class, deeper than those found on the great low 
pl^ns, since the former occupy the basins of nar- 
row but Seep valleys, and the latter the deprefr 
sions of the gentle undulations of the plain. 

In mountainous dlstrictA the depths of the depreMlons 
are sometimes so great that the bottom of the lake is con- 
slderabl; below the tea-level. Lakt Magfiore in the SwIh 
Alpe extends aboat 3000 feet below the level of the apt. 




Fig. ST. Elevitlou and Dcpruilona of Lah«s. 

One of the most remarkable series of depressions in the 
general land-aurface of the world is that occupied by the 
waters of Lakes Superior, Michigan, Uurun, Erie, and On- 
Urio. Superior and Huron, though some 000 feet above 
the level of the ocean, reach, in their ureaWat depths, fkr 
below its surface ; the fonner beinK 370 feet, and the latter 
about 400 feet, below the general level of the Atlantic 

When a lake is connected with a river-system, 
the place where the principal stream enters is 
called the head of the lake ; the place where it 
empties is called the foot of the lake. 

190. OAOgraphical Distribution. — The large 
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'iSH Or«ta;<! Qruaa^^ ijmmi.S'iTZii ima- 




Hoith America. — Th 

svi-t^m U in the Onr 



T'T r^:i.:i;-.Lj :i.crL:icc;j! ixtrain bat r*w larjw 
Lr^w-ii:nr !:i^-id. I^ .S 'i-.i Ji'.?r'>i: we find Lake 
irjri..ay'..,. i".tJ: iTauiisii »i:«r m^m its vicinity 

192. Tile TwTa-HJ Bniiiagt Syitems sr<e inti- 

Zkt::^ ■'^'ii--^ Liii'* i^'i R -'.-^ U |tCT rally ajipiitd 

o ti'.et ^i::':i havr ::■,■ •y-.\\-:'. i-r the ■x'ean. 

Ca-^j* n,i tL« SaltceM of '-•*—< WftMrs.— .VIl rivcr- 

m-Kr: ■■.•.■:.:^-i^^-zLi.'.\-zsz.r.:- ■.t'^asMVi.taitM^i othei 
i^i.'.'' t^i'i^u^'ip*. ^.=-;f I^'^t sz.:<;h :Lir« c-> uulicC ol. 
»4 ;';■::" ir* i-'lt:!"" a;i.:<l. ■■'■ii-' li-w, :■!*« tiisJr watera 
hv ':!;•■ nr; .- -'.-. '.'•-. i^'..--. '.z::"iir:.'j mast be tOB- 
;;l-^'..7 ".i:^-*^;-! ;- ■;■;*.:.;": ji-: sjrir of soch lak<fl 

1 cVrTT o=e hcndreii poauds 

- Iar;;i;«l inland lirainage* 
B't'^-'f. c>>niaiulnk; Great 

South America. — The larjtr^i re-jioD ot* inland 
'Iraina^ in'.luiJn tht plateau <.-l' Bolivia, oontain- 
in:: hak^ Ticioai-a. The waters of ihi; lake are 
(>'>A. l.iit liave n.. i>utli-t in the sea. the river forra- 
in;r the outlet iK-iui: l.^t in a salty, sandy plain. 

Europe and Asia eniuain a va^t iv^inn of in- 
land flrainat.".' i-xtiinlin;; iVom the Valdai HilU 
eaitnanl to the <iri-at Kiiiirhan Mountain^ em- 
hrjciiiy niwi of the .Viiaiii.' plan-aus. 

Til'- r-S!i"n ri.ntains) I.nlr E'ion in Jlaftn. and the Cat- 
ji'fiu Hiiil Aral Aitt. The tniuMiird urra of thf lift tiro 
w I7">.'i"" W|iian- (iiili*. Thiy n-rrin- the mlvn of the 
Volya, th<' frn/. tin- ."'ir. niirl Ihi- .4>xiw. all liirgr atreams. 
N'riiii"rr.ii4 iHki'-. nn-iiriiti Ihf iilatma^. ijitr /^p. \o the 
.l.'|.r<..i'.ii iK.nh ..r ThiKl. ntvivt* thr Tarim. aiid Lake 
Ilaiiii».ii. i>ii till- Irauiaii |i1ali;iii. tlir HrlmDDil BiT^r. 

Africa (fintaiiis LuIlv Trhntl in the fjoudan, re- 
ecivititr tho KoM-nhign and the Skinra, and Lake 

y;,'ii,.! in rvpiithern Afri«>. 

AuBtrslia contains Lakes Ei/re, Ti/rrenf, Gaird- 
iirr. utiil Aiii'i'l'-i near tlie southern coast. 

193. Otillty of Lekea.— By ..(Tiring pitendvd baiina 
till' riviT-. ivhrii swtillrn. mn .lisROrfK them- 

I's i-niitly 'liiiiinish the ilestrm'tivF effMtR of 
s. •il'ti'U Hii'<'hiii|! llii'Ui i-nlircly. They atTord 
iirriii'N rurrvaiHinition. im.l. collectiug tilt flurr 
if llii- riv.TS H-lii'ii ilvwrtfil by Ihtir waters, 
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SYLLABUS. 



Water is formed by the union of oxygen and hydrogen. 

The waters of the earth may be divided into two classes 
— the continental and the oceanic 

Water is a solid at and below 32^ Fahr., a liquid from 
32® to 212®, and a vapor above 212®. It passes off as vapor, 
kowever, at all temperatures. 

A pint of water is heaviest at the temperature of 39.2® 
Fahr. Hence in deep lakes, covered with ice, the lower 
layers of water are 7.2® Fahr. above the freezing-point. 

Large bodies of water moderate the extremes of tem- 
perature, because water takes in more heat while warming 
and gives out more on cooling than any other common 
substance. 

During the freezing of a body of water, or the condensa- 
tion of a mass of vapor, considerable stored heat-energy 
appears, or latent heat becomes sensible and warms the 
surrounding air. 

After a body of water has been cooled to the tempera- 
ture of 32® Fahr., it has still 142 heat-units, or pound-de- 
grees, to lose before it can turn into ice. 

After a body of ice has been warmed to the temperature 
of 32® Fahr., it has still 142 heat-units, or pound-degrees, 
of heat to gain before it can turn into water. 

Therefore, both freezing and melting are gradual pro- 



The rains cleanse the surface of the earth and purify 
the atmosphere. 

Water is necessary for the existence of life. It forms 
the main food of both animals and plants. 

The atmospheric waters are drained into the ocean 
either by surface or subterranean drainage. 

Springs are the outpourings of the subterranean waters. 

Springs may be classified accord in]g to peculiarities in 
the size, shape, and depth of their reservoirs, and the 
nature of the mineral substances composing the strata 
over which the waters flow or in which they collect. 

According to the size of their reservoirs, springs are 
either conaiaut or temporary. 

If their reservoirs have siphon-shaped outlet tubes, 
their discharges are periodicaL 

When their reservoirs are superficial, springs are eotd; 
when deep-seated, they are hot vr IhermaL 

Springs whose waters are moderately cold have their 
reservoirs near the surface. Their lower temperature is 
due to their waters being shielded from the sun. 

Springs with very cold waters have their sources in the 
melting of large masses of ice or snow. 

Hot or thermal springs owe their high temperature to 
the heat they receive from the interior of the earth. 

Geysers are boiling springs, which, at irregular intervals, 
■hoot out huge columns of water with great violence. 

The most extensive geyser regions are those of Iceland, 
New Zealand, and Wyoming. 

Calcareous springs contain lime; silicious, silex; sul- 
phurous, sulphuretted hydrogen and metallic sulphides or 
sulphates ; chalybeate, iron ; brines, common salt ; acidu- 
lous, carbonic acid ; petroleum, coal oil ; bituminous, pitch. 

Rivers are fed both by surface and subterranean drain- 
age. 

The main stream with all its tributaries and branches 
is called the river-system. The territory drained into the 
river-system is called the river-basin. The ridge or ele- 
vation separating opposite slopes is called the water-shed. 



In the upper courses of rivers erosion occurs mainly on 
the bottom of the channel ; in the lower courses, at the 
tides. 

In the lower courses of rivers extensive flats or plains 
are found. They are caused by the erosion of the banks 
and the subsequent deposition of fine mud during inunda- 
tions. ^ 

Bivers are constantly at work carrying the mountains 
toward the sea. Through their agency the mean height 
of the continents is decreasing, and their mean breadth 
increasing. 

The eroded material, or silt, may accumulate — 1. In the 
channel of the river ; 2. Along the banks, on the alluvial 
flats or flood-grounds; 3. At the river's mouth; and 4. 
Along the coast, near the mouth. 

The accumulations in the channel of the lower Missis- 
sippi have so raised the bed of the stream as to necessitate 
the erection of levees or embankments along the sides. 

Where the tides are weak and the ocean currents absent 
or feeble, the eroded material, or silt, accumulates at the 
mouths of rivers in masses termed delt<u. 

The Alps are drained by the Rhine, the Rhone, the Po, 
and the Danube ; these rivers have extensive delta-forma- 
tions. 

The plateau of Thibet is drained by the Hoang-Ho, the 
Tang-tse-Kiang, the Ganges, the Brahmapootra, and the 
Indus; all these rivers have extensive delta-formations. 

Among other extensive deltas are those of the Missis- 
sippi, which drains the long slopes of the Pacific and 
Appalachian mountain-systems; the Nile, the Tigris, the 
Euphrates, and the Zambezi. 

Fluvio-marine formations occur along the coasts; thej 
are caused by the combined action of the river and tide$. 

The destruction of forests, by increasing the rapidity of 
drainage, increases the violence of floods. Lakes along 
the river-courses decrease their violence, by allowing the 
torrents to discharge their waters. 

The direction of the drainage of a country is dependent 
on the direction of its slopes. 

The central plain of North America is drained north 
into the Arctic Ocean through the Mackenzie; east into 
the Atlantic through the Nelson and the St. Lawrence; 
and south into the Gulf of Mexico through the MississippL 

The central plain of South America is drained north 
into the Caribbean Sea through the Magdalena, east, into 
the Atlantic through the Orinoco and the Amazon, and 
south, into the Atlantic through the Rio de la Plata. 

The rivers draining the great low plain of Europe rise 
either in the Valdai Hills or on the northern slopes of the 
predominant system. 

Asia possesses the most extended system of inland 
drainage of the continents. Extended systems are also 
found in North America and Europe. 

The Atlantic and the Arctic Oceans drain about three- 
fourths of the continental waters. 

The largest systems of fresh-water lakes occur in North 
America and Europe. ' 

The Great Lakes of North America occupy remarkable 
depressions in the continent. The beds of some of them 
are several hundred feet below the level of the sea. 

Lakes without an outlet are salt, because the waters 
they receive contain small quantities of saline ingredients, 
while the waters they lose contain none. 
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PHYSICAL GEOGRAPHY, 



REVIE^V QUESTIONS. 



What is the composition of water? 

Ennmerate the physical properties which enable water 
to play so important a part in the economy of the earth. 

What effect has the temperature of the maximum den- 
sity of water on the freezing of large bodies of fresh water ? 
Why? 

How do large bodies of water moderate the extremes of 
heat and cold ? 

Why are freezing and melting necessarily gradual pro- 
cesses? 

What effect has a heavy rainfall on the temperature of 
the atmosphere? 

Explain the cause of deserts. 

Define subterranean drainage. Surface drainage. 

Upon what does the quantity of water discharged by a 
spring in a given time depend? 

Explain the cause of periodical springs. 

What is the temperature of cold springs? Of hot or 
thermal springs? 

What is the probable cause of the high temperature of 
hot springs? 

How can the probable depth of the reservoir of an arte- 
sian spring be ascertained from the temperature of ita 
waters? 

What are geysers? Explain the cause of their erup- 
tion. 

What is the origin of the tube and basin of the geyser? 

Name the three largest geyser regions of the world. 

What is travertine ? How is it formed ? 



Name some of the most important springs ftom which 
htfge quantities of salt are obtained. 

What is believed to be the origin of petroleam or coal 
oil? 

How are the precipices of waterfalls caused? In what 
courses of a river are they most common ? 

Name the highest waterfall in the world. The grand- 
est. 

Distinguish between an estuary and a delta. 

How does the destruction of the forest increase the 
severity of inundations? 

Upon what does the quantity of water in a river de- 
pend? 

In what different portions of a stream may the silt or 
detritus be deposited? 

What are rafts ? How are they caused ? 

Explain the formation of fluviatile islands and lakes. 

Name some of the most extensive delta-formations in 
North America. In Europe. In Asia. In AfHca. 

What is the probable origin of the swamp-lands of the 
Atlantic seaboard? 

How may a tolerably accurate notion of the direction 
of the slopes of a country be obtained by a study of the 
direction of its rivers? 

In what respects do the drainage of North and South 
America resemble each other? 

Name the principal systems of inland drainage of the 
world. 

Explain the cause of the saltness of inland waters. 



MAP QUESTIONS. 

»o>Ko« 



Which ocean drains the largest areas of the continents? 
Which the smallest? 

Name the imi>ortant rivers which drain into the Atlan- 
tic from North America. From South America. From 
Europe. From Africa. 

Name the important rivers which drain into the Pacific 
firom North America. From Asia. 

Name the important rivers which drain into the Indian 
Ocean from Africa. From Aftia. From Australia. 

What two systems of inland drainage are there in North 
America? What large region in South America? 

Name an important steppe lake and river in each of the 
continents. 

Describe the region of inland drainage of Europe and 
^sia. What large lakes and rivers belong to this region ? 



Describe the regions of inland drainage of AfHca. Of 
Australia. Name the important lakes found in each 
region. 

What South American river corresponds in the direction 
of its drainage with the St Lawrence? With the Biac- 
kenzie? With the Mississippi? 

Name the large rivers which drain the predominant 
mountain-system of Asia. Of Europe. Of Africa. Of 
North America. Of South America. Of Australia. 

Describe the fresh -water lake-region of North America. 
Of South America. Of Europe. Of Africa. 

In which line of trend are most of the fresh-water lakes 
of North America found? 

Name the Atlantic rivers which have large deltas The 
Pacific rivers. The Indian rivers. 
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Section II. 



OCEANIC ^VATERS. 
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CHAPTER I. 
The Ocean. 

194. Composition. — The water of the ocean 
contains a number of various saline ingredients, 
which give it a bitter taste and render it heavier 
than fresh water in the proportion of 1.027 to 1. 

Every hundred pounds of ocean-water contains 
about three and one-third pounds of various 
saline ingredients. 

Chloride of sodiam, or common salt, chloride of magne- 
sium, sulphates and carbonates of lime, magnesia, and 
potassa, and various bromides, chlorides, and iodides, are 
the principal saline ingredients. 

195. Orlflrin of the Saltness of the Ocean.—The 
rivers are constantly dissolving from their channels large 

quantities of mineral matters, and pouring them into the 
ocean. Besides this, fully three-fourths of the earth's sur- 
face is covered permanently by the oceanic waters. In 
this way immense quantities of mineral ingredients have 
been dissolved out from the crust. The latter cause was 
especially active during the geological past, when frequent 
convulsions brought fresh portions of the crust into con- 
tact with the warm waters. 

The ocean is Salter in those parts where the evaporation 
exceeds the rainfall, or at about the latitude of the tropics; 
where the rainfall exceeds the evaporation, the water is 
slightly fresher than at the equator. 

In inland seas, like the Mediterranean or the Red Sea, 
which, though connected with the ocean, yet lose much 
more of their waters by evaporation than by outflow, the 
proportion of salt is slightly greater than in the ocean. 
In such cases a current generally flows into the sea from 
the ocean. In colder latitudes, inland seas, like the Bal- 
tic, deceiving the waters of large rivers, contain rather 
less salt than the open sea, and a current generally flows 
from them into the ocean. 

196. Color. — Though transparent and colorless 
in small quantities, yet in large masses the color 
of sea-water is a deep blue. The same is true 
of fresh water. Over limited portions of the 
ocean the waters are sometimes of a reddish or 
a greenish hue, from the presence of numberless 
minute organisms. 

Sometimes a pale light or phosphorescence, 
visible only at night, and due to the presence of 
animalculse, appears where the air comes into con- 
tact with the water, as in the wake of a vessel or 
on the crests of the waves. 



197. Temperature. — The salts dissolved in 
ocean-water lower the temperature of its freez- 
ing-point. Ordinary ocean-water freezes at about 
27® F. In places where the water is Salter, the 
temperature of its freezing-point is lower. 

Ice formed from ocean-water is comparatively 
fresh, nearly all the salt being separated as the 
water freezes or crystallizes. The salt, thus thrown 
out from the frozen water, is dissolved by the 
water below, lowers the temperature of its freez- 
ing-point, and thus increases its density. In this 
manner the water below the ice may have a tem- 
perature lower than that at which the surface- 
water freezes, and yet remain liquid. 

In the polar regions the water below the sur- 
face is at a temperature lower than that of the 
freezing-point of the surface-water. This cold 
water, from its greater density, spreads over the 
floor of the ocean in all latitudes, so that, except 
where stirred by deep currents, the entire bottom 
of the ocean is covered with a layer of dense, 
heavy water, the temperature of which is nearly 
cojistant 

The temperature of this water is about 35® F. Near 
the poles it is somewhat lower : about 29®, or a little higher 
than its maximum density of the surface-waters. 

The upper limit of this line of invariahle ieinperature 
varies with the latitude. Near the equator, where the 
waters are heated to great depths, it is found at about 
10,000 feet below the surface. Toward the poles, it comes 
nearer the surface, reacliing it at about I^at. 60®, from 
which point it again sinks, being found at Lat. 70® at 
about 4500 feet below the surface. 

In the tropics the temperature of the surface-water 
is about 80° F. ; in the polar regions it is near the 
freezing-point. The ice which forms in the polar 
regions collects in vast ice-fields or floes, 

198. Shape of the Bottom of the Ocean.— The 
bed of the ocean, though diversified like the sur- 
face of the land, contains fewer irregularities. 
Numerous soundings show that it extends for 
immense distances in long undulations and slopes. 
Its plateaus and plains, therefore, are of great 
size, compared with those of the continents. 
Submerged mountain-ranges occur both in the 
deep ocean and along the shores. The latter 
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8(K». AfUi<M)»Ui/M «/f Una ^uA WaUr The 
iiii|i-nhit)f/ha //t lit* '/'^uiife, i/» ili«' liiM'is ofjuiK;- 
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(Ij IiiInm/I N««I4, Of IIm^bi' el|iMfi|||(|<'f| hy |t 

iiriirlv iiiMDMU'iii'i «>» iiiilipfki'ti JhikI liiinji«r; iih 
tlir Uiilrffl .\ti.«)iff. Ilinlciiii lliiy, ilii< Kttllir, and 
tlin MnlihiiMiMMii. hi Mm Alliitilji'; iIip KimI H««ii 
itiid llin I'Maliiii Ufiir, hi IliK liiiiiiiti; anil tlm 

<hiir nC riihiiiiiiiii, hi iiiK riii-iiir. 

1? ) lluilllil N0M«. ill lliiin« iBiiliitiMl iVniii tllO 

iv.<i( iit'lliii iiMiiiii hy |ii iihiniiltin iitiil inliniil rlutiiiH; 
a.** (Iir riiiihlii.fiii Mill, Mill Uiiir 111' Hi. Liiwrriiro, 
ainl Mio NiiiMi Miiii. In Mm AMunlii*; iiml llorin^ 
S*)i. (Iio Mi««i lil nlilminli, Mio Him of ilii|ian, and 
tho Noilli mill ImuiMi riihiu r^rim, in Mio INiritlr. 

Vvi ^ ihtlOi MUll NayH, m tilniiil r\|iHltniiii|H ut* 

iho walot i'%li>iiihi^i tiiil It njiiiii ilindiiiro intt» 
l\w liUhl . no Mil- Uiill III Huhii-ti MUll llio hav of 
HiM-a\. iiulii' NlliMilli'. mill Mio n«i\ nt' Moii^al 
uml ()i«' NihImhii .'mh, In M(i> luilliui 

^1^ KUm^U, i«» »I»»|» iiili'l-s. Willi Inch, »^vkv 
h\\uU:Uid:. r\(i tiiliiu'. hHi II Hiiiii .lO lo UH^ iniloH 
iuu» llu- IhuI Oiii' 111 tlio l», -I linliuui-i ol' Mu^ 

K»l'll x'l lM»UlU.UIi»U I J oil \\w Nii|\\i|\ \ss;\'.\ Vo • 

I 
^vlvl'.'s \»» l*-m.| tUM«t: ntf \.JU^-f \\\i\\ \\(iv ON 

CC^\ .i;\.-\l *'> \».l lt« ln<|:3«7 llttUil L'l.U tt'l-.. \\\\{ 

\ 4'\\ . o, ^ \n »»u ili»- \»M\vi\ x\vi-.« »o.i 
^^^ V»»\*M*4Hil I iIm \i^*i \^.^ k '»,n';\* 




AiLi^irj'jfe ifjm, '.€ "m r^imJOk <€ Foc9l Ob pam 
'j!^ ::j^ fTjttrtC '.<>f OrwL^iiXid iLfc e^ftcxn are nam 

7Vu^ «4(Z<srisiK*vr OwaJb u dtaratierized by imlamd 

20L Deptb of the Oeean.— The mean depth of 
th<: fM:trmi hi a\irjui 12,000 ft., or nearlr 2i milo. 
iW-^rfjl K/uijditigi; gire the greatest depth of the 
Atlantic, in the neighborhrxid of the island of 
Ht. Thoniajf of the We^t Indies, as 27,000 feet. 
The ;rn^UAt depth in the Pacific, as reported bjr 
Tt'f:i:iii careful Kiundings, occure east of Japan, 
and w 27,930 ft. These give a depth of about 
•Oi niilen, or leHs than the greatest elevation of the 
lanri. It iii probable, however, that some portions 
of tlif; ocean are much deeper. 

Tlic ^n'ater iieprcfifsions of the ocean are called 
df.fjfM^ the Hhal lower portions are called ritet. 

202. The Pacific Ocean.— The shape of the 
Hhorc-line of the Pacific is that of an immenae 
oval, nearly cIos<*d at the north, but broad and 
o|M*n at the H)Uth. 

Am iiHlif'iitiNl liy the island chains, a number of shallow 
phircN, or rJM'M, «*xtcii(l in the direction of the north-west 
tn'iid : tile NuiiiiiiitM of those on the north form the Sand- 
wlrli IhIuikIm, hikI tlie HUinniitH of those on the soath form 
till* ToIyncHlan iMland chain. 

203. The Atlantic Ocean.— The shape of the 
Hhon*-lino of the Atlantic is that of a long, 
tniu^li-llko valloy, with nearly parallel sides. 
The Atlantic has a broad connection with both 
tlir |H)lar oivaiiK, and forms the only open chan- 
nol for the intorniingling of the warm and cold 
walors. 

NAiijii* of thf Urti,— KfHvnt soundings in the Atlantic show 
I ho |iiVM*iioo of 14 Mihmariue plateau extending in mid- 
<H'i*»ii ivintlU'l to tho i'oa-<t,< of ihe i\>utinentB fh>m the lati- 
luito ot t\\v souihorii iHuiit of Afrii'a to Iceland, thus di- 
Mth u i; i\\c 1»AM It i II ( o oast rn and western valleya. The 
l^ o^ui n MilK-\ is iho div^HT : tho avora|EV depths of the two 
K- 1 u < I \*x (H V t ; \ \- 1 V I s.i\K> a iid 1 3,iKK) feet. A remarkable 
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TalleTs, though leu marked In this region, are still dii- 
tingnisIiBble. 

The true bed of the ocean begins at a cou^derable di>- 
tsDce from the eastern coast of North America. For dis- 
tkuces of froni 75 to 100 miles, the depth scarcely exceeds 
600 feet ; but from this point it desceods, bf steep terraces, 
to profound depths. 

The British Isles are connected iritli the contloent of 
Europe by a large submeriiod plateau, whictk underlies 
nearly the whole North Sea, and extends for considerable 
dislaiices off the western aod mutheru coasts. The depth 
of this part of the ocean is nowhere very great. 

204. The Indian Ocean. — The shape of the 
ahore-line is, in ^neral, triangular. This ocean 
haa no connection with the Arctic, but b entirely 
open on the south, where it merges into the great 
water-area of the globe : the basins of the Ant- 
arctic and Pacific. 

SKape «/ Ihe Bed. — A submarine plateau extends to the 
south off the western coast of Hindostan. lU summits 
fono the Laccadive, Mal(live,and Chagos Islands, and poe- 
sibly extends in the samu direction as for as Kerguelen 
Island. 

309. The Antarotio and Arctic Ooeani.— The 
ehore-line of the Arctic has the shape of an ir- 
regular ring. The shore-line of the Antarctic la 
probably of the same shape. 

But little is known concerning the beds of these 
oceans. From the very limited land-areas south 
of lat. 50° S., the bed of the Antarctic is presum- 
ably deeper than that of the Arctic, except toward 
the south pole, where it is probably shallower. 

206. OoR Sepoiita. — Foraminiferal Land. — 
The i%ef-forming coral polype are not the only 
snimalcutffi the accumulation of whose bodies 
after death add to the land-masses of the earth. 
Deep-sea soundings show that over extended areas 




Fig. 70. FarsMlDlfen. 



the floor of the ocean is evenly covered with a 
creamy layer of mud or ooze, which, lilte the 
deposits of the coral animalcule, is composed 
principally of carbonate of lime. This ooze con- 
iists almost entirely of microscopic skeletons of a 



group of animalcube known as the Foraminifera, 
from the great number of perforations or open- 
ings in their hard parte. These animaJcuhe are 
so small that 1,000,000 are equal in bulk to only 
one cubic inch. They appear to live in the layers 
of water near the surface, and after death to 
foil gradually to the bottom of the sen. Sound- 
ings show their presence over very extended 
areas. 

Many of the very deep parts of the ocean's bed 
are covered, not with foraminiferal deposits, but 
with a layer of red mud composed of finely-di- 
vided clay. Its origin is probably as follows: 
In very deep parts of the ocean before the fora- 
miniferal deposits reach the bottom their limey 
matters are dissolved, and the undissolved parts 
form the deposits of fine red mud. 



CHAPTER II. 
Oceanic Movements. 

207. The Oceanio Kovements can be arranged 
under three heads : waves, tides, and currents. 

Waves are swinging motions of the water, 
caused by the action of the wind. Their height 
and velocity depend on the force of the wind, and 
the depth of the basin in which they occur. The 
stronger the wind, and the deeper the ocean, the 
higher the waves and the greater their velocity. 




Fig, 71. Ooesn Witm, 

Hslrht of Waves.— Scoresby measured waves in the 
North Atlantic 43 ft-et above the Ii-vel of the trough. 
Waves huve bifn reported iu the South Atlantic, off the 
Cape iif Oood Hope, between 50 and 60 feet high. NaTt- 
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Kst<ir8 have occasionally reported higher waves, but the 
accuracy of their measurements is, perhaps, to be doubted. 
In the opeu sea, with a moderate wind, the height of 
ordinary waves is about 6 feet. 

The distance between two successive crests varies from 
10 to 20 times their height. Waves 4 feet high have 
their successive crests 40 feet apart; those 33 feet high, 
about 500 feet apart. 

208. No Progressiye Motion of Water in 
Waves. — In wave motion, the water seems to be 
moving in the direction in which the wave is ad- 
vancing, but this is only apparent ; light objects, 
floating on the water, rise and fall, but do not 
move forward with the wave. In shallow water, 
however, the water really advances. The for- 
ward motion of the wave is retarded, so that the 
waves following reach it, thus increasing its 
height. The motion at the bottom is lessened, 
and the top curls over and breaks, producing 
what are called breakers. 

On gently sloping shores, the water which runs down 
the beach, after it has IxriTn thniwn upon it by the breakers, 
forms, at a little distance frnm tlie shore, the dn-aded 
"undertow" of our bathing-rrHorts. 

Force of the Waves. — When high, and moving 
in the direction of the wind, the wavc^ dash 
against any obHtaele, such hh a line of coiu^t, with 
great force, and may thus cut it away and change 
the coast-line. This action occurs onlv on ex- 
posed, shelving coasts. The wave-motion is, in 
general, very feeble at 40 feet below the surface. 
The eroilin;: action of the ocean waves is, there- 
fore, far inferior to that of the continental waters. 

209. Tides are the jKTiodical risings and fall- 
ings of the water, cau.se<l by the attraction of the 
sun and moon. The alternate risings and fallings 
succeed each other with great regularity, about 
every six hours. Unlike waves, in which the 
motion is confined pnutically to the surface 
waters only, tides ail'ect the waters of the ocean 
fnmi to]) to bottom. 

The rising of the water is called flontj title ; the 
falling, M tide. When the watei-s n^acli their 
hijrhest and lowest points, they remain stationary 
for a few minutes. These ])oints are called, re- 
spectively, high and low watvr, Corresponding 
high t)r low water, at anv iilace, occurs fitlv-two 
miiuites later each successive day. 

210. Theory of the Tides.— If the earth were 
uniformly covered with a layer of water, the pas- 
sage of the m(M)n over any j)lace, as at a, Fig. 72, 
wouhl cause the water to h)se its globular form, 
become bulgt»d at «, and />, and llatt(»ned at r, 

d. In otiier words, the water would become 



deeper at a, and 6, at the parts of the earth near- 
est and forthest from the moon, and shallower in 





all places 90^ or at right angles to these points^ 
such, for example, as at «, and d. 

This deepening and shallowing of the water is 
caused bv the attraction of the moon. As the 
moon passes over a, the water is drawn toward 
the moon, thus deepening the water directly under 
the moon, and shallowing it at c, and d. 

The cause of the deepening of the water at 6, 
on the side farthest from the moon, is as follows: 
the solid earth being, as a whole, nearer the moon 
than the water at 6, but farther from it than that 
at <7, must take a position which will be nearlj 
midway between a, and 6, leaving a protuberance 
at 6, nearly equal to that at a. 

The protuberances a, and 6, mark the position 
of hif/h tides. At all points of the earth 90® from 
the protuberances, as at c, and d, the depression is 
greatest. These mark the position of low tides. 

High tides, then, occur at those points of the 
earth's surface which are cut by a straight line, 
which passes through the centre of the earth and 
that of the attracting body, as the sun or moon. 
Ix»w tides are found at right angles to these 
points. 

Had tiie earth no rotation, the tidal waves, so 
formed, would slowlv follow the moon in its mo- 
tion around the earth. But, bv the rotation of 
the earth, (lifferent parts of its surface are rapidly 
brought under the moon, and the tidal waves, 
<'onse(iuently, move raj)idly from one part of the 
ocean to another. 

II:i(l tlio nirH)ii no motion around the earth, there would 
bi> two lii^li tidi's and two low tides every 24 houn. 
Wliili', lii)W(>vi>r. tin* earth is niakinfc one complete rota- 
tion, tlic moon, in its motion around the earth, haa 
clian^cd its iH)sition, and the earth rotates for 52 minutes 
lon;;er before the same jtoiiit ajcain comes directly under 
tlie moi^n. 

Since the uniformitv of the water surface is 
broken by the elevations of the land, the progress 
of the tidal wave is greatly affected by the siK, 
shape, and depth of the oceanic basin, and the 
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poeition of the continents. Owing to the obstruc- 
tions offered by the contineuU, and by inequalities 
in the bed of the ocean, a very considerable re- 
tardation of the tidal wave is effected, so that a 
high tide may not occur at a place until long 
after the luoon has passed over it. 

Solar Tides. — The $uu also pruduces a system 
of tidal waves, but owing to its greater distance 
from the earth, the tides thus produced are much 
smaller than those of the moon, upon which, there- 
fore, tliey exert but a modifying inftuence. The 
tide-producing power of the moon ie greater than 
that of the sun, in about the proportion of 800 
to 355. That is, the tide produced by the moon 
is about 21 times greater than that produced by 
the sun. 



of 



The tidal wave movea, ii 
oppotilt liireclion lo Ihe r 

lut gradually dii 



neral, from east to Kril, or in 
ion a/ Ihe earth. The mutiou 
us opposed to Iho earth's ro- 
Ish the axtat velocity, and. 



eveutuall;, cutirely stop the rolAtioo of the eartb ; lu this 
way an increase in the length of day and nfttbt should be 
produced, hut so far, bovever, do incrcaso has been de- 
tMted. although astrouDmlcal observations extend haek- 
ward for long periods. The increased aiial velocity, pro- 
duced b; th? contnictiaii of the giobe, probably balances 
the retarding Influence of the tides. 
lu tbe deup ofitut, and near the months of rivers, the 

duration of the Hood and ebb are about equal ; but in most 
rivers, at some distance from the mouth, the eii it loHger 
tkttH ike Jlood. The cause is to be found io the fact Iliat 
the outflowing river current meets aud temporarily neu- 
tratiXL-s the inSowiug Qood tide, thuadiniiuiahiui! its dura- 
tion, aud afterward, adding its motioa to the ebb, makes 
the difference between the two still greater. 

The tidal wave often ascends a stream Io amurli greater 
elevation above the level of its mouth than the height of 
the tide at the river's mouth. In large rivers, like the 
Amazon, the tidal wave advauces up the river as much as 
Itn feet above the sea-level. 



Some of the prooh of the connection between the tides 
and the attraction of the moon and sun are as follows: 

II.) The Interval bctirwo corresponding high tides at 

any place is the same as the interval betweeu two succes- 

e passages of the moon over that place: SI hours, 53 



e higher when the moon is 



mini: 
(2.) The tidM 

|3.) The tides are higher when the sun and moon 
simultaneoualy actiug to cause high tides Id the s 



the 




Fig. 73. Osue of the Phtst* ef tbe Kg 
PhasBB of the Moon— An iuapection of Fig. 73 will 
show, that during new aud full moon, the earth, moon, 
aud sun arc all lu the same straight line, but, that during 
the flrat and last quarters, they arc at right anglea. The 
portioDB of the earth and moon turned toward Ihe buu ar« 
illumined, the shaded portions are iu the darkneu. To 
an obsen-er ou the earth, the moon, at a, appears new, 
since the dark part is turned toward him ; at A, however, 
it must appear full, since Ihe illumined portions are toward 
him. At c, aud d, the poaitions of the quarters, ouly ouo- 
half of the illumined half^ ot one quarter, is seen. 




Fig. Tt. PoritloB sf tlis Eank, K»ni> ui Sun dsrlng Bprlog ind Vesp Tldw. 



211. Spring and Neap Tides. — When the sun 
and moon act simultaneously, on the same hemi- 
sphere of tlie earth, as shown in Fig. 74, the tidal 
wave is higher than usual. The lluod tides are 
then highest, and the ebb tides lowesL These 
are called spring tides. They occur twice during 



every revolution of the moon — once at full, and 
once at new moon. The highest spring tides oc- 
cur a short time before the March and the Bep- 
tembcr equinoxes, when the sun is over the equa- 
tor. 

When, however, the sun aud moon are 90° 
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..|...ii, ..r III i|imilriiLiin', each produces a tide on 
II. I |.'>rli>rii »r Mil- i^iirth directly under it, diniin- 

,.:\,„nt rwhiiL Lliul produced by the other body. 

IIii<li ti<li-,tlii'ti, urciirH under the moon, while the 
l>il>:li ti<lf iiiiiw«l liy the sun, becomes, by conipari- 
iBjij, It luw ti'lf. Such tides are adled neap tide*. 
Iiiirinir Ili'-ir prevalence, the flood is not very 
lii^fli, nur the ebb very low. They occur twice 
during each revolution of the moon, but nre low- 
wt alMiut the time of the June and December 
iMili'ticL-x. 
Tli<^ nvt'niKe n-ltitiru liviKl't of the spring titlu tu that 

212. Birthplace of the Tidal Ware.— Although 
a tidul wave is foriiie<l in all part;< of the ocean 
where tlie moon is overhead, yet the " Cradle of 
the Tides " may properly be located in the great 
southern area of tlie Pacific Owan. Here the 
tTinibini'il iittraction of the sun and moon origin- 



ate a wave, which would travel around the earth 
due east and west, with its crests north and south ; 
but, meeting the channels of the oceans, it is 
forced up them toward the north. lU progreas u 
accelerated in the deep batine, and retarded in the 
shallow ones. On striking the coasts of the con- 
tinents, deflected or secondary waves move off in 
ditterent directions, thus producing great com- 
plexity in the form of the parent wave. 

213. Co-Tidal LineB.— The progress of the tidal 
wave, in each of the oceans, is best understood by 
tracing on a map, lines connecting all places 
which receive the tidal wave at the same time. 
These are called co-tidal lines. The distance be- 
tween two consecutive lines represents the time, io 
hours, required ihr the progress of the tidal wave. 
In parts of the ocean where the wave travels rap- 
idiy the co-tidal lines are far apart; when its prog- 
ress is retarded, they are crowded together. 




Flg.7&. Oo-Tld*! Chm, 



I iri (iiiljr iHi«til>lu l<> tHk.' till- 
ast* of iKliiiiil;) milt of the imii 
-tidul liii(.-!> must Iw tu a ctuinit 



214. The Pacific Ocean.— Twice every day a 

tidal wave starts in the south-eustem jiart of the 

Pacific Ocean, west of South America, (somewhere 

,>''^|in the two heavy lines marked xii on the 



chart. It advances rapidly toward the north- 
west in tlie deep valley of this ocean, reaching 
Kiinitchiitkn in nlmut 6 hours. Toward the west 
itp' pniirri'ss is retarded by the shallower water, 
mid by the numcrouN islands, so that it only 
reaches Xew Zealand in about C hours and entera 
the Indian Ocean in alHiiit 12 hours. 
215. The Indian Ocean.— Tlie 12-hour-old tidal 
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wave from the Pacific, meets and moves along 
with a wave started in this ocean by the moon, 
and advances in the direction indicated by the 
co-tidal lines entering the Atlantic Ocean about 
12 hours afterward. 

216. The Atlantic Ocean. — The tidal wave from 
the Indian joins two other waves, one formed by 
the moon in this ocean, and the other a deflected 
wave that has backed into the Atlantic from the 
Pacific. The tidal wave thus formed advances 
rapidly up the deep valley of the Atlantic, reach- 
ing Newfoundland 12 hours afterward, or 48 hours 
after it started in the Pacific. It then advances 
rather less rapidly toward the north-east, reach- 
ing the Loffoden Islands 12 hours afterward, or 
60 hours after leaving its starting-place in the 
Pacific. 

217. Tides in Inland Seas and Lakes are very 
small and, consequently, diflicult to detect. In 
the Mediterranean Sea the tides on the coasts 
average about 18 inches. The tide in Lake 
Michigan is about 1} inches. 

218. Height of Tidal Wave.— Ocean tides are 
lowest in mid-ocean, where they range from two 
to three feet. Ofi* the coasts of the continents, 
especially when forced up narrow, shelving bays, 
deep gulfs, or broad river mouths, they attain 
great heights. The cause of these unusual heights 
is evident. When the progress of the tidal wave 
is retarded, either by the contraction of the chan- 
nel or by other causes, the following part of the 
wave overtakes the advanced part, and thus, what 
the wave loses in speed it gains in height^ from the 
heaping up of the advancing waters. Where the 
eo-tidal lines^ therefore, are crowded together on the 
chart, high tides are likely to occur; for example, 
the Arabian Sea and Bay of Bengal, the North 
and South China Seas, the eastern coasts of Pata- 
gonia, the Bay of Fundy, the English Channel, 
and the Irish Sea, have very high tides. 

Near the heads of the Persian Gulf and China 
Seas, the tides sometimes rise about 36 feet. At 
the mouth of the Severn, the spring tides rise 
from 45 to 48 feet ; on the southern coast of the 
English Channel, 50 feet; and in the Bay of 
Fundy, near the head, the spring tides, aided by 
favoring winds, sometimes reach 70 feet, and, oc- 
casionally, even 100 feet. 

A strong wind, blowing in the direction in which the 
tidal wave is advancing, causes an increase in the height 
•f the tide. 

A low barometer is attended by a higher tide than 
usual*, a high barometer, bj a lower tide. 



219, Other Tidal Phenomena. 

The Bore or Basrer.—On entering the estuary of a 
river, the volume of whose discharge is considerable, the 
onward progress of the tidal wave is checked ; but, piling 
up its waters, the incoming tide at last overcomes the re- 
sistance of the stream, and advances rapidly, in several 
huge waves. The tides of the Hoogly, the Elbe, the 
Weser, and the Amazon, are examples. In the latter 
river, the wave is said to rise from 30 to 50 feet. 

Races and Whirlpools.— When considerable di (Ter- 
ences of level are caused by the tides, in parts of the ocean 
separated by narrow channels, the waters, in their elTori 
to regain their equilibrium, move with great velocity, pro- 
ducing what are called racet. At times, several races meet 
each other obliquely, thus producing whirlpodla. Near the 
Channel Islands, and off the northern coasts of Scotland, 
races are numerous. The MaeUirom, off the coasts of Nor- 
way, is an instance of a whirlpool, though the motion of 
the waters is not exactly a whirling one. The main phe- 
nomenon is a rapid motion of the waters, alternately back- 
ward and forward, caused by the conflict of tidal currents 
off the Loffoden Islands. 
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CHAPTER III. 
Ocean Currents. 

220. Constant Ocean Ciurrents. — Besides tidal 
currents, the waters of the ocean are disturbed 
to great depths, by currents, moving with consid- 
erable regularity to and from the equatorial and 
polar regions, and thus producing a constant in- 
terchange of their waters. These movements are 
called constant currents, and, unlike waves, con- 
sist in a real, onward movement of the water. 

Constant currents resemble rivers, but are im- 
mensely broader and deeper. As a rule, their 
temperature differs considerably from that of the 
waters through which they flow. They are not 
confined to the surface, but exist as wel] at great 
depths, when they are called under or counter car- 
rents, and flow in a direction opposite to that of the 
surface currents, 

22L The Principal Cause of Constant Ocean 
Currents is the difference of density of the water 
produced by the differences of temperature be- 
tween the equatorial and the polar regions. 

As the waters of the polar regions lose their 
heat they become denser, and, sinking to the bot- 
tom, form a mountain-like accumulation of dense, 
cold water, which, as rapidly as formed, spreads 
over the floor of the ocean underneath the lighter 
waters. The consequent lowering of the level of 
the polar waters causes an influx of the surface 
waters from the equatorial regions. In this man- 
I ner a constant interchange is effected between tli6 
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Fig. 76. CarreL«.« 'Aiwi '.7 >£v?«i«ui rf T*ay? K-i. 't. 

Th ij i* in V'v^. 7 ^/ . t h*: :;. v - :. 'Ss! :.-..i.r i • ' . :r. - Ia- 
tioii \> Rhown a»f ha'/iij/ >.* ".'''•: t: « v. -: ::.r Ia:;- 
tude of the jyJar *'\t<.^.. T:.^. sirr^vr -r.oT ::.r 
direrrtion of the '-ijrfe;**.-. At r;.r ^r^ ; at. .rial nr- 
gioriK, the hurfa/:^; mat^r 1* v.arr.'i'rr aiid li^rnifrr. 
aii'l at the ji^Jar r<:;fiofxf, profiaoly, roMer and 
lighter. 

Aft a rul<:. th<: wain/j '.''jr7»:rjt* *r': ',:* :h«: «!irfi/;*-. and the 
fjAti f:urri;ntf>, from th«r:r trr*;k*^r ''•rr.'titv. ar<: aud^Q^iath 
t 1j i' ijj . I ij t) h »] ] o w v-j-A n * , h »•«: V" r. t L «: '.old r u rr*: l ts cime 
to the tiurfit/'Arf thut ditpiiu.-irii; th«: warm f:arr*:bt! And de- 
fle«rtiriK theui to dMsjicr lort;) of tb<: 'x;*raQ. 

llail the earth no rotation on it* axLs thii in- 
terehan;re wouhl Ik; due north and ^^juth, or wouJd 
take place clirectly between the equatorial and 
jKilar re*rion.«. On account of the earth's rota- 
tion, however, and a variety of other causes, 
these nortli-and-W)uth directions are consider- 
ably changed. The principal of these deflecting 
caviseft are — 

n.) The eurthV rotation ; 

(2.) The po.sition of the land masses 

r:{.) The winds; 

(4.) Diffi-rcnres of density caused by evapora- 
tion ; 

f').) I)if!i*r(-!i(M-.s of level caused by evapora- 
tion. 

'Ihf •liaiit'c-i ill flirrrctioii caiiKtMl liy the fartli's rotation 
Mii'l till ififiifioii of ilii- land niHs«<rs jiro as follows: as tlio 
Willi I : ;ir«- ill roii-ilaiit. motion, tlut polar waters rt-arli tlio 
f i|iiiiloM.il nviohH with an eastward motion li-ss tlian that 
ift Mil- i;iir.h. Ill th<-. I'inatoriul rcj:ioiis, therefort', the 
w;ii# r ■ .If* iiiiJihli- to a'-'|iiirc Mo- i-arth's motion toward tlio 
lii I. iLii'l .n« l« If hi hind -, ihaf i-, I hi- i-arth, slipping from 
iiii'li f l.hi in. 'ni|.:«.! Ihini to 'r**--; th*: rn-i-an at 'I, n', Fiff. 
■//. Ii'ioi < ;i .1 !•» ■.•/•-:». Jill hoii;'h tln-y an* in ri-alitv moving 
WiMi lh« iiiilh iii«.-,i|i) till- 1:1-1 

l.'f •!/ hiii|/ Mil -'/islirii hfir«li|:'. t,l I h<- o*"«-a!iS. Iirar & b', 
till I'liiiiiM ii».: |.i« .1 iif l|ii ir ifinny r:iitlii-r wi-st, and dc- 
fliff Mii III iii>f. ri',1 Ml' f 11 iiiiij .•.'Mithirn hiuiirhf-^, and tliev 

lfi|/ili '«• Ifi'i *'i'rir>| Ml' |r'il' -T 

Tfirfi • •'. »/. >ri'l f I 'till '', tn ti' , \\ti: prilfward-movin;^ 
fr*fi r4 ir -J' fl" »« •! f'.^nrwiil thi iiii;| ill hoth lu'mi>iphere8. 
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**rrh- T- i* =. ti ::: :* rr^avr :laa that of the earth he- 
:»r^n f. i- i 'i. Er :■»•?*:: :ir^* (•>:::». therefore, the nter 
i+ v::rii oq ^j r»:- f,rK3*. ■;■::* :ecdinp to carry it toward 
:bT I'Tj'.r*. A-d zzr -.I'zrT TendiL? to carTT it eastward. 
Th^ rssTiItirr of :h«* f >r»>:4 rarrie« the water from f, to 
d, and fniEi € . t'j < . r :'>vartl the m^rtk-^mii in the North- 
cm. and toward the f»ti-4««l in the Son them Hemisphere. 

Between d. acd «. &::d d'. and e'. the waters still retain 
this txcm of eaitwar^l inocion. and. therefore, more in 
the direct ions shown. 

Between f. and 4. and f '. and «'. the waters in both hemi* 
sphera are deflected roward the west because ther are 
unable to ac^iuire the earth** motion toward the east. 
Another, and perhaps the main, cause of this westward 
d<:fltction is the deprvsi^ion caused by the westward move- 
ment of the equatorial waters at s. and m\ 

The action of the winds is to tend to move the surface 
waters in the direction iu which they are blowing. This 
actiiin is by some auchoritii'S rejzarded as the principal 
cau^ of constant currviits. 

The ditfrreuce iu the di-nsity of the water, caused by 
cva|H>nition. leavini? the water salter and denser in some 
parts, and fresht- r and lighter in others, probably acts to 
some extent as a dftlt-cting cause. For example, the water 
evap«>nitcd u^ar the equator, and precipitated, for the 
greater |>art. in re»;ions near the borders of the tropics, 
rendt-rs the rtcions suiter and denser from which it was 
evai>oratcd. and fresher and less dense where it is precipi- 
tated. 

The diiRrenee in level caused by the greater evapora- 
tion in the ii|uatiirial regions north of the equator than 
in eorrrs)Minding latitudes in the Southern Hemisphere 
has Ikh-u a<eri)ied as one of the causes of the flow of Ant- 
uretic waters toward the equator. 

222. General Features of Constant CnrFenti. — 

The tollowintr motions of the surface currents are 
common t«) all the three central oceans: 

CI.) A movement of the equatorial waters, 0,0, 

frnm r!l>t to Wc'y^t ; 

(2.) Their deflection into northern and south- 
ern hranchi's {b and r), on reaching the western 
hordiTs of the ocean ; 

(o.) A movement of the waters beyond the 
«'(luator from wej^t to east (</, e) ; 



82 



PHYSICAL GEOGRAPHY. 



(4.) A separation of these latter currents into 
two branches (/, g and A, i), one continuing toward 




a— Equator. 



Fig, 78. Ohtrt of Oonitont Onrrenti. 

the poles, and the other toward the equator, where 
they join with the equatorial current**, thus com- 
pleting a circuit in the sha])e of a vas<t ellii)se ; 

(o.) A flow of the Arctic waters along the 
western border of the ocean (y), and of the Ant- 
arctic along the ea:*tern (k). 

Since the Indian Ocean is completely closed on the 
north, only part of the above movements aro observed. 
In the Pacific, an equatorial counter-current crosses the 
Mean from west to east. 

223. Currents of the Atlantic. — The equatorial 
current crosses the ocean, from east to west, in 
two branches : a south equatorial current, which 
comes from the Antarctic, and a north equatorial 
current, which comes mainly from regions north 
of the ecjuator. 

The north equatorial current flows along the 
north-east coast of South America, and, for the 
greater part, enters tlie Caribbean Sea and Gulf 
of Mexico, and emerges between Florida and 
Cuba as the Gulf Stream. 

The Gulf Stream flows along the eastern coast 
of North America, with a velocity of from four to 
five miles per hour, and in mid-ocean, between 
Newfoundland and Spain, divides, one branch 
flowing toward Norway, Spitzlxirgen, and Nova 
Zembla, the other flowing southward, down the 
coasts of Africa, where it forms the main feeder 
of the north equatorial curreut. 

The wuih equatorial current, after cn>ssing the 
ocean, flows south along the Brazilian coast, and 
divides near Rio Janeiro, the main part flowing 
eastward and mingling with the Antarctic cur- 
rent, and the remainder continuing down the east- 



em coast of South America. Cold currents from 
the Arctic flow down the coasts of Greenland and 
Labrador. A broad polar current sweeps from 
the Antarctic Ocean, and forms the main feeder 
of the south equatorial current, but passes in 
greater part eastward, south of Africa. 

A small elliptical current flows near the equator, 
between the north and south equatorial currents. 

224. Cnrrents of the Pacific. — ^North and south 
equatorial currents flow from east to west, and 
between them a smaller, less powerful equatorial 
counter-current, from west to east. The south 
equatorial current, fed by the broad Antarctic 
current, is the larger of the two. 

The north equatorial current, on reaching ihe 
Philippine Islands, divides into northern and 
southern branches; a portion of its southern 
branch retunis with the equatorial counter-cur- 
rent, while the northern branch, the main por- 
tion, flows north-east along the Asiatic coast as 
the Kuro Siva, the counterpart of the Gulf 
Sti*eam. At alK)ut Lat. 50^, this flows east- 
wardly as a North Pacific current, and off* the 
shores of North America it returns, in an ellip- 
tical path, southerly to the north equatorial cur- 
rent, forming its main feeder. A small current 
flows through the eastern side of Bering Strait, 
into the Arctic Ocean. 

The Houth equatorial current of the Pd/cifie is 
broken into numerous branches during its passage 
through the islands in mid-ocean. Reaching the 
Australian continent and the neighboring archi- 
pelagoes, it sends small streams toward the north, 
but the main portion flows south, along the Aus- 
tralian coast, when, flowing eastward, it merges 
with the cold Antarctic current 

The Antarctic current moves as a broad belt 
of water toward the north-east, when, flowing up 
the western coast of South America, it turns to 
the west, and forms the main feeder of the south 
equatorial current. A part of the Antarctic cur- 
rent flows eastward, south of South America, and 
enters the Atlantic as the Cape Horn current 

A snuiil (M)ld current from the Arctic flows 
through Bering Strait, down the Asiatic coast. 

225. Currents of the Indian Ocean. — Only a 
south equatorial current exists, which flows down 
the eastern and western coasts of Madagascar, and 
down the African coast to Cape Agulhas, when, 
turning eai^tward, it merges with the Antarctic 
current, and flows u]) the western coast of Aus- 
tralia, where it joins the equatorial current 
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Tk€ north equatorial eurrmt in this ocean is indistinct — 

(1.) Because the ocean has no outlet to the north ; 

(2.) Powerful seasonal winds, called the monsoons, move 

the waters alternately in different directions, as huge drift 

currents. 

Sargasso Seas. — ^Near the centre of the ellip- 
tical movement in each of the central oceans, 
masses of seaweed have collected where the water 
is least disturbed. These are called sargasso seas. 



226. Utility of Cnrrents : 

(1.) They moderate the extremes- of climate by 
carrying the warm equatorial waters to the poles, 
and the cold polar waters to the equator ; 

(2.) They increase materially the speed of ves- 
sels sailing in certain directions ; 

(3.) They transport large quantities of timber 
to high northern latitudes. 
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Ocean water contains about three and one-third pounds 
of various saline ingredients, in every one hundred. Chlo- 
ride of sodium; sulphates and carbonates of lime, mag- 
nesia, and potassa; and various chlorides, bromides, and 
iodides, are the principal saline ingredients. 

The salt of the ocean is derived either fh>m the 
washings of the land, or is dissolved out f^om the por- 
tions of the crust which are continually covered by its 
waters. 

The ocean is salter in those parts where the evaporation 
exceeds the rainfall. Seas like the Mediterranean, which 
are connected with the ocean by narrow channels, and in 
which the evaporation is greater than the rainfall, are 
Salter than the ocean. Others, like the Baltic, in which 
the rainfall exceeds the evaporation, are fresher than the 
ocean. 

Most of the bed of the ocean is covered with a layer of 
dense water, at about the temperature of its maximum 
density. 

The Pacific and Atlantic Oceans occupy about three- 
fourths of the entire water-area of the earth. 

South of the southern extremities of South America, 
Africa, and Australia, the meridians of Cape Horn, Cape 
Agulhas, and South Cape in Tasmania, are assumed as 
the eastern boundaries of the Pacific, Atlantic, and Indian 
Oceans. 

The articulation of land and water assumes four distinct 
forms : Inland 8m«, Border SeaSf Gulfs and Bays, and Fiords, 
Inland Seas characterize the Atlantic; Border Seas, the Pa- 
eijte; Gulfs and Bays, the Indian Ocean; and Fiords, the 
Atlantic and Pacific, 

The telegraphic plateau lies between Ireland and New- 
foundland. Its average depth is about two miles. 

The bottom of the ocean is not as much diversified as 
the surface of the land. Its plateaus and plains are be- 
lieved to be much broader than are those of the land. The 
profound valleys of the ocean are called deeps, its shallow 
parts, rises. 

The greatest depth of the ocean that has as yet been 
accurately sounded is about 51 miles. It is probably deeper 
than this in some places. 

Over extended areas, the floor of the ocean is uniformly 
covered with a deposit of fine calcareous mud or ooze, 
formed of the hard parts of the bodies of minute animal- 
cule. 

The movements of the oceanic waters may be arranged 
■nder the three heads : waves, tides, and currents. 



The height and velocity of a wave depend upon the 
force of the wind and the depth of the oceanic basin. 

In ordinary wave motion, the water rises and falls, but 
does not move forward. 

Tides are the periodical risings and fallings of the water, 
caused by the attraction of the sun and moon. 

The rising of the water is called flood tide ; the falling, 
ebb tide. 

If the earth were uniformly covered with a layer 
of water, two high tides would occur simultaneously; 
one on the side of the earth directly under the sun 
or moon, the other on the side farthest from the sun 
or moon. 

The tidal wave crosses the ocean from east to west, fol- 
lowing the moon in the opposite direction to that in which 
the earth passes under it while rotating. Its progress is 
considerably retarded by the projections of the continents, 
and the shape of the oceanic beds. Had the moon no real 
motion around the earth, there would be two high and 
• two low tides every twenty-four hours, or the high and 
low tides would be exactly six hours apart. 

Spring Tides are caused by the combined attractions of 
the sun and moon on the same portions of the earth. Neap 
tides by their opposite attractions. 

The parent tidal wave is considered as originating in 
the great water-area of the Pacific on the south. 

Co-tidal lines are lines connecting places which have 
high tides at the same time. 

When the progress of the tidal wave is retarded by the 
shelving coast of a continent, what the tide loses in speed, 
it gains in height. The highest tides, therefore', occur 
where the co-tidal lines arc crowded together. 

Bores, Races, and Whirlpools are tidal phenomena. 

Oceanic currents are either temi>orary, periodical, or 
constant. 

The heat of the sun and the rotation of the earth are 
the main causes of constant oceanic currents. 

The followiLg peculiarities characterize the constant 
currents in the three central oceans: 

(1.) A flow* in the equatorial regions from the east to 
the west; 

(2.) A flow in extra-tropical regions from the west to 
the east; 

(3.) A division of the eastwardly flowing extra-tropical 
waters in mid-ocean into two branches; one 'of which 
flows toward the poles, and the other toward the equator, 
where it merges into the equatorial currents. 
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What is the composition of water? 

Enamerate the physical properties which enable water 
to play so important a part in the economy of the earth. 

What effect has the temperature of the maximum den- 
sity of water on the freezing of large bodies of fresh water ? 
Why? 

How do large bodies of water moderate the extremes of 
heat and cold ? 

Why are freezing and melting necessarily gradual pro- 
cesses? 

What effect has a heavy rainfS&ll on the temperature of 
the atmosphere? 

Explain the cause of deserts. 

Define subterranean drainage. Surfkce drainage. 

Upon what does the quantity of water discharged by a 
q>ring in a given time depend ? 

Explain the cause of periodical springs. 

What is the temperature of cold springs? Of hot or 
thermal springs? 

What is the probable cause of the high temperature of 
hot springs? 

How can the probable depth of the reservoir of an arte- 
sian spring be ascertained from the temperature of its 
waters? 

What are geysers? Explain the cause of their erup- 
tion. 

What is the origin of the tube and basin of the ge3rser? 

Name the three largest geyser regions of the world. 

What is travertine ? How is it formed ? 



Name some of the most important springs from which 
large quantities of salt are obtained. 

What is believed to be the origin of petroleum or coal 
oil? 

How are the precipices of waterfalls caused? In what 
courses of a river are they most common ? 

Name the highest waterfall in the world. The grand- 
est. 

Distinguish between an estuary and a delta. 

How does the destruction of the forest increase the 
severity of inundations? 

Upon what does the quantity of water in a river de- 
pend? 

In what different portions of a stream may the silt or 
detritus be deposited? 

What are rafts ? How are they caused ? 

Explain the formation of fluviatile islands and lakes. 

Name some of the most extensive delta-formations in 
North America. In Europe. In Asia. In Africa. 

What is the probable origin of the swamp-lands of the 
Atlantic seaboard? 

How may a tolerably accurate notion of the direction 
of the slopes of a country be obtained by a study of the 
direction of its rivers? 

In what respects do the drainage of North and South 
America resemble each other? 

Name the principal systems of inland drainage of the 
world. 

Explain the cause of the saltness of inland waters. 



MAP QUESTIONS. 



Which ocean drains the largest areas of the continents? 
Which the smallest? 

Name the important rivers which drain into the Atlan- 
tic from North America. From South America. From 
Europe. From Africa. 

Name the important rivers which drain into the Pacific 
firom North America. From Asia. 

Name the important rivers which drain into the Indian 
Ocean from Africa. From Asia. From Australia. 

What two systems of inland drainage are there in North 
America? What large region in South America? 

Name an Important steppe lake and river in each of the 
continents. 

Describe the region of inland drainage of Europe and 
^sia. What large lakes and rivers belong to this region ? 



Describe the regions of inland drainage of AfHca. Of 
Australia. Name the important lakes found in each 
region. 

What South American river corresponds in the direction 
of its drainage with the St. Lawrence? With the Mac- 
kenzie? With the Mississippi? 

Name the large rivers which drain the predominant 
mountain-system of Asia. Of Europe. Of Africa. Of 
North America. Of South America. Of Australia. 

Describe the fresh-water lake-region of North America. 
Of South America. Of Europe. Of Africa. 

In which line of trend are most of the fresh-water lakes 
of North America found ? 

Name the Atlantic rivers which have large deltas The 
Pacific rivers. The Indian rivers. 
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CHAPTER I. 
The Ocean. 

194. Composition. — The water of the ocean 
eontains a number of various saline ingredients, 
which give it a bitter taste and render it heavier 
than fresh water in the proportion of 1.027 to 1. 

Every hundred pounds of ocean-water contains 
about three and one-third pounds of various 
saline ingredients. 

Chloride of sodium, or common salt, chloride of magne- 
sinm, sulphates and carbonates of lime, magnesia, and 
potassa, and various bromides, chlorides, and iodides, are 
the principal saline ingredients. 

195. Oriirin of the Saltness of the Ocean.— The 
rivers are constantly dissolving from their channels large 
quantities of mineral matters, and pouring them into the 
ocean. Besides this, fully three-fourths of the earth's sur- 

&ce is covered permanently by the oceanic waters. In 
this way immense quantities of mineral ingredients have 
been dissolved out from the crust. The latter cause was 
especially active during the geological past, when frequent 
eonvulsions brought fresh portions of the crust into con- 
tact with the warm waters. 

The ocean is Salter in those parts where the evaporation 
exceeds the rainfall, or at about the latitude of the tropics; 
where the rainfall exceeds the evaporation, the water is 
■lightly fresher than at the equator. 

In inland seas, like the Mediterranean or the Red Sea, 
which, though connected with the ocean, yet lose much 
more of their waters by evaporation than by outflow, the 
proportion of salt is slightly greater than in the ocean. 
In such cases a current generally flows into the sea from 
the ocean. In colder latitudes, inland seas, like the Bal- 
tic, receiving the waters of large rivers, contain rather 
less salt than the open sea, and a current generally flows 
trom them into the ocean. 

196. Color. — Though transparent and colorless 
in small quantities, yet in large masses the color 
of sea-water b a deep blue. The same is true 
of fresh water. Over limited portions of the 
ocean the waters are sometimes of a reddish or 
a greenish hue, from the presence of numberless 
minute organisms. 

Sometimes a pale light or phosphorescence, 
visible only at night, and due to the presence of 
animalculse, appears where the air comes into con- 
tact with the water, as in the wake of a vessel or 
on the crests of the waves. 



197. Temperature. — The salts dissolved in 
ocean-water lower the temperature of its freez- 
ing-point. Ordinary ocean-water freezes at about 
27® F. In places where the water is Salter, the 
temperature of its freezing-point is lower. 

Ice formed from ocean-water is comparatively 
fresh, nearly all the salt being separated as the 
water freezes or crystallizes. The salt, thus thrown 
out from the frozen water, is dissolved by the 
water below, lowers the temperature of its freez- 
ing-point, and thus increases its density. In this 
manner the water below the ice may have a tem- 
perature lower than that at which the surface- 
water freezes, and yet remain liquid. 

In the polar regions the water below the sur- 
face is at a temperature lower than that of the 
freezing-point of the surface-water. This cold 
water, from its greater density, spreads over the 
floor of the ocean in all latitudes, so that, except 
where stirred by deep currents, the entire bottom 
of the ocean is covered with a layer of dense, 
heavy water, the temperature of which is nearly 
constant. 

The temperature of this water is about 35° F. Near 
the poles it is somewhat lower : about 29°, or a little higher 
than its maximum density of the surface-waters. 

The upper limit of this line of invariable temperature 
varies with the latitude. Near the equator, where the 
waters are heated to great depths, it is found at about 
10,000 feet below the surface. Toward the poles, it comes 
nearer the surface, reaching it at about I^t. 60°, from 
which point it again sinks, being found at L^t. 70° at 
about 4500 feet below the surface. 

In the tropics the temperature of the surface-UHiter 
is about 80° F. ; in the polar regions it is near the 
freezing-point. The ice which forms in the polar 
regions collects in vast ice-fields or floes. 

198. Shape of the Bottom of the Ocean.— The 
bed of the ocean, though diversified like the sur- 
face of the land, contains fewer irregularities. 
Numerous soundings show that it extends for 
immense distances in long undulations and slopes. 
Its plateaus and plains, therefore, are of great 
size, compared with those of the continents. 
Submerged mountain-ranges occur both in the 
deep ocean and along the shores. The latter 
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belong, properly, to the continental systems of 
elevations. 

199. The Oceanic Areas. — ^The ocean is one 
continuous body of water, but for purposes of 
description and study it is generally divided into 
five smaller bodies : the Pacific, Atlantic, Indian, 
Arctic, and Antarctic Oceans. The last two are 
separated from the preceding by the polar circles ; 
the others are separated mainly by the continents. 
As the continents do not extend to the Antarctic 
Circle, the meridians of Cape Horn, Cape of 
Grood Hope, and South Cape in Tasmania, are 
taken as the ocean boundaries south of these 
points. 

The following table gives the relative size of the oceanic 
areas: 

The Pacific occupies about } the entire water-area. 
** Atlantic " " J 

" Indian " " ^ 

" Antarctic " " ^ 

" Arctic " " ^ 
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200. Articnlation of Land and Water.— The 
indentations of the oceans, or the lines of junc- 
tion between the water and the land, may be 
arranged under four heads: 

(1.) Inland Seas, or those surrounded by a 
nearly continuous or unbroken land-border; as 
the Gulf of Mexico, Hudson Bay, the Baltic, and 
the Mediterranean, in the Atlantic ; the Red Sea 
and the Persian Gulf, in the Indian ; and the 
Gulf of California, in the Pacific. 

(2.) Border Seas, or those isolated from the 
rest of the ocean by peninsulas and island chains ; 
as the Caribbean Sea, the Gulf of St. Lawrence, 
and the North Sea, in the Atlantic ; and Bering 
Sea, the Sea of Okhotsk, the Sea of Japan, and 
the North and South China Seas, in the Pacific. 

(3.) Oulffl and Bays, or broad expansions of 
the water extending but a short distance into 
the laud ; as the Gulf of Guinea and the Bay of 
Biscay, in the Atlantic ; and the Bay of Bengal 
and the Arabian Sea, in the Indian. 

(4.) Fiords, or deep inlets, with high, rocky 
headlands, extending often from 50 to 100 miles 
into the land. One of the best instances of this 
form of indentation is off the Norway coast. Ac- 
cording to Dana, fiords are valleys that were ex- 
cavated by vast ice-masses called glaciers, but 
which have since become partially submerged by 
the gradual subsidence of the land: 

Fiord valleys occur on the Norway coast, on 
the coasts of Greenland, Labrador, Nova Scotia, 
and Maine, on the western coast of Patagonia 



and Chili, and on the western coast of North 
America north of the Straits of Fuca. On parts 
of the coast of Greenland the glaciers are now 
cutting out their partially submerged valle3rs, 
and forming what will probably become fiord 
valleys. 

The Atlantic Ocean is characterized by inland 
seas; the Pacific, by border seas; the Indian, by 
guljs and bays; Hie Atlantic and tiie Pacific, by 
fiords. 

20L Depth of the Ocean. — The mean depth of 
the ocean is about 12,000 ft., or nearly 2i miles. 
Recent soundings give the greatest depth of the 
Atlantic, in the neighborhood of the island of 
St. Thomas of the West Indies, as 27,000 feet 
The greatest depth in the Pacific, as reported by 
recent careful soundings, occurs east of Japan, 
and is 27,930 ft. These give a depth of about 
5i miles, or less than the greatest elevation of the 
land. It is probable, however, that some portions 
of the ocean are much deeper. 

The greater depressions of the ocean are called 
deeps, the shallower portions are called rises. 

202. The Pacific Ocean.— The shape of the 
shore-line of the Pacific is that of an immense 
oval, nearly closed at the north, but broad and 
open at the south. 

As indicated by the island chains, a number of shallow 
places, or rises, extend in the direction of the north-west 
trend : the summits of those on the north form the Sand- 
wich Islands, and the summits of those on the south form 
the Polynesian Island chain. 

203. The Atlantic Ocean.— The shape of the 
shore-line of the Atlantic is that of a long, 
trough-like valley, with nearly parallel sides. 
The Atlantic has a broad connection with both 
the polar oceans, and forms the only open chan- 
nel for the intermingling of the warm and cold 
waters. 

Shape of the Bed.— Recent soundings in the Atlantic show 
the presence of a submarine plateau extending in mid- 
ocean parallel to the coasts of the continents from the lati- 
tude of the southern point of Africa to Iceland, thus di- 
viding the basin into eastern and western valleys. The 
western valley is the deeper ; the average depths of the two 
being respectively 18,000 and 13,000 feet. A remarkable 
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Fig. 69. The Telegraphic Plateau. 



plateau extends across these valleys, from Newfoundland 
to Ireland. Its depth ranges from 10,000 to nearly 13,000 
feet. It is called the Telegraphic Plateau, and bears a 
number of telegraphic cables. The eastern and western 
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vallfly^ though leaa marked in tbU region, are still dis- 



e bed of the mxan begins at a considerable dis- 
tanea from the eastern coast of Nortb America. For dis- 
tinrra of from 76 to 100 miles, tbe depth scarcely exceeds 
800 foet; but from this point it descends, b; steep terraces, 
to pnfonnd deptbt. 

The British Isles are connected with tbe continent of 
£arope hj a large submerged plateau, nliicli underlies 
BCArly the whole North Sea, and extends for considerable 
diatancra oGT tbe western and Bouthern coasts. The depth 
of tbia part of the ocean is nowhere very great. 

S04. The Indian Ocean. — The shape of the 
Bhore-line is, in general, triangular. This ocean 
has no connection with the Arctic, but is entirely 
open OB the south, where it merges into the great 
wator-area of the globe: the basins of the Ant- 
arctic and Pacific. 

Bluipe of Ike Bed. — A submarine plateau extends to tbe 
wnth off the western coast of Hlndottun. Its summits 
fiirm tbe Laeotdive, Haldive, and Cbagos Islands, and pos- 
sibly extends in tbe same direction as far as Eerguelen 
iBland. 

805. The Antarotio and Arctic Oceani.— The 
ahore-line of the Arctic has the shape of an ir- 
regular ring. The shore-line of the Antarctic is 
probably of the same shape. 

But little is known concerning the beds of these 
oceans. From the very limited land-areas south 
of lat. 50° S., the bed of the Antarctic is presum- 
ably deeper than that of the Arctic, except toward 
the south pole, where it is probably shallower. 

806. OoEe Seposita. — Foraminiferal Land. — 
The reef-forming coral polyps are not the only 
animalcula the accumulation of whose bodies 
after death add to the land-masses of the earth. 
Deep-sea soundings i<how that over extended areas 




Fig, TO. Fuamlnlfeii 



the floor of the ocean is evenly covered with a 
creamy layer of mud or ooze, which, like the 
deposits of the coral aninialcul^e, is composed 
principally of carbonnte of lime. This ooze con- 
liita almost entirely of microscopic skeletons of a 



group of aniraalculte known as the Foraminifera, 
from the great number of perforations or open- 
ings in their hard parte. These animalculie are 
so small that 1,000,000 are equal in bulk to only 
one cubic inch. They appear to live in the layers 
of water near the surface, and after death to 
&11 gradually to the bottom of the sea. Sound- 
ings show their presence over very extended 
areas. 

Many of the very deep parts of the ocean's bed 
are covered, not with fomminiferal deposits, but 
with a layer of red mud composed of finely-di- 
vided clay. Its origin is probably as follows: 
In very deep parts of the ocean before the fora- 
miniferal deposits reach the bottom their limey 
matters are dissolved, and the undissolved parts 
form the deposits of fine red mud. 



CHAPTER II. 
Oceanic Movements. 

207. The Oceanic HoTementa can be arranged 
under three heads: vxivee, tidei, and currents. 

Taves are swinging motions of the water, 
caused by the action of the wind. Their height 
and velocity depend on the force of the wind, and 
the depth of the basin in which they occur. The 
stronger the wind, and the deeper the ocean, the 
higher the waves and the greater their velocity. 




Fig, 71. Dmui WaiH. 

Height or Waves.— Scoresby measnred waves in tbe 
Kortb Atlantic 43 ft^t above tbe levol of the trough. 
Waves bave bei-n reported in tbe South Atlantic, off the 
Wipe of Good Hope, bic«i*n 50 and 60 feet high. Kart 
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gators have occasionally reported higher waves, but the 
accuracy of their measurements is, perhaps, to be doubted. 
In the open sea, with a moderate wind, the height of 
ordinary waves is about 6 feet. 

The distance between two successive crests varies from 
10 to 20 times their height. Waves 4 feet high have 
their successive crests 40 feet apart; those 33 feet high, 
about 500 feet apart. 

208. No ProgreMive Motion of Water in 
Waves. — In wave motion, the water seems to be 
moving in the direction in which the wave is ad- 
vancing, but this is only apparent ; light objects, 
floating on the water, rise and fall, but do not 
move forward with the wave. In shallow water, 
however, the water really advances. The for- 
ward motion of the wave is retarded, so that the 
waves following reach it, thus increasing its 
height. The motion at the bottom is lessened, 
and the top curls over and breaks, producing 
what are called breakers. 

On gently sloping shores, the water which runs down 
the beach, after it h&s been thrown upon it by the breakers, 
forms, at a little distance from the shore, the dreaded 
"undertow" of our bathing-resorts. 

Force of the Waves. — ^AVhen high, and moving 
in the direction of the wind, the waves dash 
against any obstacle, such as a line of coast, with 
great force, and may thus cut it away and change 
the coast-line. This action occurs only on ex- 
posed, shelving coasts. The wave-motion is, in 
general, very feeble at 40 feet below the surface. 
The eroding action of the ocean waves is, there- 
fore, far inferior to that of the continental waters. 

209. Tides are the periodical risings and fall- 
ings of the water, caused by the aUraction of the 
sun and moon. The alternate risings and fallings 
succeed each other with great regularity, about 
every six hours. Unlike waves, in which the 
motion is confined practically to the surface 
waters only, tides affect the waters of the ocean 
from top to bottom. 

The rising of the water is called flood tide ; the 
falling, ehh tide. When the waters reach their 
highest and lowest points, they remain stationary 
for a few minutes. These points are called, re- 
spectively, high and low water. Corresponding 
high or low water, at any place, occurs fifty-two 
minutes later each successive dav. 

210. Theory of the Tides. — If the earth were 
uniformly covered with a layer of water, the pas- 
sage of the moon over any place, as at a, Fig. 72, 
would cause the water to lose its globular form, 
become bulged at a, and 6, and flattened at c, 
and d. In other words, the water would become 



deeper at a, and 6, at the parts of the earth near- 
est and farthest from the moon, and shallower in 
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Fig. 72. Lunar Tide. 

all places 90^ or at right angles to these points, 
such, for example, as at c, and d. 

This deepening and shallowing of the water is 
caused by the attraction of the moon. As the 
moon passes over a, the water is drawn toward 
the moon, thus deepening the water directly under 
the moon, and shallowing it at c, and d. 

The cause of the deepening of the water at 6, 
on the side farthest from the moon, is as follows : 
the solid earth being, as a whole, nearer the moon 
than the water at 6, but farther from it than that 
at a, must take a position which will be nearly 
midway between a, and 6, leaving a protuberance 
at 6, nearly equal to that at a. 

The protuberances a, and 6, mark the position 
of high tides. At all points of the earth 90** from 
the protuberances, as at c, and d, the depression is 
greatest. These mark the position of low tides. 

High tides, then, occur at those points of the 
earth's surface which are cut by a straight line, 
which passes through the centre of the earth and 
that of the attracting body, as the sun or moon. 
Low tides are found at right angles to these 
points. 

Had the earth no rotation, the tidal waves, so 
formed, would slowly follow the moon in its mo- 
tion around the earth. But, by the rotation of 
the earth, different parts of its surface are rapidly 
brought under the moon, and the tidal waves, 
consequently, move rapidly from one part of the 
ocean to another. 

Had the moon no motion around the earth, there would 
be two high tides and two low tides every 24 hours. 
While, however, the earth is making one complete rota- 
tion, the moon, in its motion around the earth, has 
changed its position, and the earth rotates for 52 minutes 
longer before the same point again comes directly under 
the moon. 

Since the uniformity of the water surface is 
broken by the elevations of the land, the progress 
of the tidal wave is greatly affected by the size, 
shape, and depth of the oceanic basin, and the 
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position of the coatiiieQts. Owing to tlie obstruc- 
tions ofTered by the contiDeQts, aad by inequalities 
in the bed of the ocean, a very considerable re- 
tardation of the tidal wave ia effected, so that a 
high tide may not occur at a place until long 
after the ninon has passed over it. 

Solar Tides. — The sun also produces a system 
of tidal waves, but owing to its greater distance 
from the earth, the tides thus produced are much 
smaller than those of the moou, upon which, there- 
fore, they exert but a modifying influence. The 
tide-producing power of the moon is greater than 
that of the sun, in about the proportion of 800 
to 355. That is, the tide produced by the moon 
is about 21 times greater than that pi-oduced by 
the sun. 

Tbe tidal wave movea, in geners), fram ta»t la mil, or in 
Oit oppoiile ilireeliOH to Iht rolaliim o/ the eiirlli. Tlie niotiou 
of so large a ubsb of water thud opposed [o tha earth's ro- 
tklian, must grsduikllr diminish the aiinl velocity, and, 
eveutuallf , entirely slop tbe lotation of tbe earib ; in tbii 
W4y &□ increase In the length of daj and uight should ba 
produced, but bo fur, however, no increase baa becu de- 
tected, although astronomical observations extend back- 
ward Tor loug puriodd. The increased axial velocity, pro- 
duced by the coutractiau oC tbe globe, probably balances 
the retanling iufluence of the tides. 

Il tbe deep ocean, aud near tbe moiitba or rivers, llie 
duntiou of tbe flood aud ebb are about equal ; but in most 
riven, at some diatauce from the nioutb, the ebb u loustr 
than thf fioai. The cause is to be found in the fact Ibat 
the outflowing river eurreiit meets and [emporarily neu- 
tralizes the iuflowiug flood tide, thus diruiuisbiug its dura- 
tlou, aud arterward, adding its motion to tbe ebb, makes 
the difference between the two stilt greater. 

The tid«l wave often aseendsa stream to a murb greater 
elevation above the level of its mouth tbsu the hcigbt of 
the tide at the river's mouth. In largo rivers, like the 
Amaxon. the tidal wave advances up tbe river as uiucb aa 
100 feet above the sea-level. 



Some of the proofs of the connection between the tides 
and the attractioo of the moon and snn are as follows: 

(1.) Tbe interval between corresponding high tides at 
anf place is the same as the interval between two succes- 
sive passages of the moon over that place: 01 hours, 52 



mini 

(3.) The tides are higher when tbe moon is neare: 
earth. 

|3.) Tbe tides are higher when the sun and moor 
simultaneously acting to cause blgb tides lu the i 



the 




Fig. 73. Osnie of lbs Fbun of tbe Kmh. 
Pbasea of tbe Moon.— .4ii inspection of Fig. 73 will 
■bow. that during new aud full moon, the earth, moon, 
and Buu are all in the same straight line. but. that during 
tbe fltst and last quarters, they are at right angles. Tbe 
portions of tbe earth and moon turned toward the sun are 
illumined, the shaded portions are in the darknea. To 
an observer ou the earth, tbe moon, at a, appears new, 
since the dark part is turned toward him ; at h, however. 
It must appear full, since the illumined portiousare toward 
him. At c, and d. the positions of the quartet*, only one- 
half Df the illumined half; or one quarter, la seen. 




Fig, 7t. Feiltioii of tha Eartl, Xnm, aai Bnn daring Spriog aod Heap Tides. 
rv revolution of th 



211 Spring and Neap Tide*. — Wiien the sun 
and moon act sinmltaueously, on the same hemi- 
sphere of the earth, as shown in Fig. 74, the tidal 
wave is higher than usual. The flood tides are 
then highest, and the ebb tides lowest. These 
are called sprinrf lidee. They occur twice during 
10 



moon — once nt full, and 
once at neic moon. The highest spring tides oc- 
cur a short time before the March and the Sej>- 
tcmbcr cjulnoxes, when the sun is over the equa- 



tor. 



Wheu, however, the sun and moou i 



; SO" 
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apart, or in quadrature, each produces a tide on 
the portion of the earth directly under it, dimin- 
ishing somewhat that produced by the other body. 
High tide, then, occurs under the moon, while the 
high tide caused by the sun, becomes, by compari- 
son, a low tide. Such tides are called neap iidee. 
During their prevalence, the flood is not very 
high, nor the ebb very low. They occur twice 
during each revolution of the moon, but are low- 
est about the time of the June and December 
solstices. 

The average relative beight of the spring tide to that 
of the Deap tide is about aa 7 to 4. 

212. Birthplace of the Tidal Wave.— Although 
a tidal wave is formed in all parts of the ocean 
where the moon is overhead, yet the " Cradle of 
the Tides " may properly be located in the great 
southern area of the Pacific Ocean. Here the 
combined attraction of the sun and moon origin- 



ate a wave, which would travel around the earth 
due east and west, with its crests north and south ; 
but, meeting the channels of the oceans, it is 
forced up them toward the north. lUprogrete m 
accelerated in the deep basins, and retarded in the 
ghaltow ones. On striking the coasts of the con- 
tinents, deflected or secondary waves move ofl" in 
difierent directions, thus" producing great com- 
plexity in the form of the parent wave. 

213. Co-Tidal Linei.— The progress of the tidal 
wave, in each of the oceans, is best understood by 
tracing on a map, lines connecting all places 
which receive the tidal wave at the same time. 
These are called co-tidal lines. The distance be- 
tween two consecutive lines represents the time, in 
hours, required for the progress of the tidal wave. 
In parts of the ocean where the wave traveb rap- 
idly the co-tidal lines are far apart ; when its prog- 
ress is retarded, they are crowded together. 




Fig, 76. Oo-Tidal Cbirt. 



Since it is only possible to lake the heijtht of the tide 
on the coasts of islands aud of the continents, the tracks 
of tbf co'tidal lines must lie to a considerable extent con- 

214. The Pacific Ocean. — Twice every day a 
tidal wave starts in the south-eastern part of the 
Pacific Ocean, west of .South America, somewhere 
between the two heavy lines marked xii on the 



chart. It advances rapidly toward the north- 
west in the deep valley of this ocean, reaching 
Kamtchatkn in about 6 hours. Toward the west 
its progress is retarded by the shallower wat«r, 
and by the numerous islands, so that it only 
reaches New Zealand in about 6 hours and enters 
the Indian Ocean in about 12 hours. 
215. The Indian Ocean.— The 12-hour-old tidftl 



wave &om the Pacific, meets and moves along 
with a wave started in this ocean by the moon, 
and advances in the direction indicated by the 
co-tidal lines entering the Atlantic Ocean about 
12 hours afterward. 

516. The Atlantic Ocean. — ^The tidal wave from 
the Indian joins two other waves, one formed by 
the moon in thb ocean, and the other a deflected 
wave that has backed into the Atlantic from the 
Pacific. The tidal wave thus formed advances 
rapidly up the deep valley of the Atlantic, reach- 
ing Newfoundland 12 hours afterward, or 48 hours 
after it started in the Pacific. It then advances 
rather less rapidly toward the north-east, reach- 
ing the Loffoden Islands 12 hours afterward, or 
60 hours aft;er leaving its starting-place in the 
Pacific. 

517. Tides in Inland Seas and Lakes are very 
small and, consequently, difiicult to detect. In 
the Mediterranean Sea the tides on the coasts 
average about 18 inches. The tide in Lake 
Michigan is about 1} inches. 

218. Height of Tidal Wave.— Ocean tides are 
lowest in mid-ocean, where they range from two 
to three feet. Ofi* the coasts of the continents, 
especially when forced up narrow, shelving bays, 
deep gulfs, or broad river mouths, they attain 
great heights. The cause of these unusual heights 
is evident. When the progress of the tidal wave 
is retarded, either by the contraction of the chan- 
nel or by other causes, the following part of the 
wave overtakes the advanced part, and thus, what 
the wave loses in speed it gains in height, from the 
heaping up of the advancing waters. Where the 
eo4idal lines, therefore, are crowded together on the 
chart, high tides are likely to occur ; for example, 
the Arabian Sea and Bay of Bengal, the North 
and South China Seas, the eastern coasts of Pata- 
gonia, the Bay of Fundy, the English Channel, 
and the Irish Sea, have very high tides. 

Near the heads of the Persian Gulf and China 
Seas, the tides sometimes rise about 36 feet. At 
the mouth of the Severn, the spring tides rise 
from 45 to 48 feet ; on the southern coast of the 
English Channel, 50 feet; and in the Bay of 
Fundy, near the head, the spring tides, aided by 
ftivoring winds, sometimes reach 70 feet, and, oc- 
casionally, even 100 feet. 

A strong wind, blowing in the direction in which the 
tidal wave is advancing, causes an increase in the height 
•f the tide. 

A low barometer is attended by a higher tide than 
usual : a high barometer, bj a lower tide. 



819. Other Tidal Phenomena. 

The Bore or Baffer.-— On entering the estuary of a 
river, the volume of whose discharge is considerable, the 
onward progress of the tidal wave is checked ; but, piUng 
up its waters, the incoming tide at last overcomes the re- 
sistance of the stream, and advances rapidly, in several 
huge waves. The tides of the Hoogly, the Elbe, the 
Weser, and the Amazon, are examples. In the latter 
river, the wave is said to rise from dO to 50 feet. 

Races and Whirlpools.— When considerable differ- 
ences of level are caused by the tides, in parts of the ocean 
separated by narrow channels, the waters, in their effort 
to regain their equilibrium, move with great velocity, pro- 
ducing what are called nices. At times, several races meet 
each other obliquely, thus producing whirlpools. Near the 
Channel Islands, and off the northern coasts of Scotland, 
races are numerous. The MaeUirom^ off the coasts of Nor- 
way, is an instance of a whirlpool, though the motion of 
the waters is not exactly a whirling one. The main phe- 
nomenon is a rapid motion of the waters, alternately back- 
ward and forward, caused by the conflict of tidal currents 
off the Loffoden Islands. 
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CHAPTER III. 
Ocean Currents. 

220. Constant Ocean Currents. — Besides tidal 
currents, the waters of the ocean are disturbed 
to great depths, by currents, moving with consid- 
erable regularity to and from the equatorial and 
polar regions, and thus producing a constant in- 
terchange of their waters. These movements are 
called constant currents, and, unlike waves, con- 
sist in a real, onward movement of the water. 

Constant currents resemble rivers, but are im- 
mensely broader and deeper. As a rule, their 
temperature differs considerably from that of the 
waters through which they flow. They are not 
confined to the surface, but exist as well at great 
depths, when they are called under or counter cur- 
rents, and flow in a direction opposite to that of the 
surface currents, 

221. The Principal Cause of Constant Ocean 
Currents is the difference of density of the water 
produced by the differences of temperature be- 
tween the equatorial and the polar regions. 

As the waters of the |)olar regions lose their 
heat they become denser, and, sinking to the bot- 
tom, form a mountain-like accumulation of dense, 
cold water, which, as rapidly as formed, spreads 
over the floor of the ocean underneath the lighter 
waters. The consequent lowering of the level of 
the polar waters causes an influx of the surface 
waters from the equatorial regions. In this man- 
I ner a constant interchange is effected between tli« 
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equatorial and polar regions, which, for the greater 
part, takes place along the bottom from the poles 
to the equator, and along the surface from the 
equator to the poles. Since, however, the pole is 
a mere point, this interchange occurs mainly be- 
tween the equator and the polar circles. 




Fig. 76. Onrrenta otiued by Differenoe of Temperature. 

Thus in Fig. 76, the mountain-like accumula- 
tion is shown as having its crest at about the lati- 
tude of the polar circle. The arrows show the 
direction of the currents. At the equatorial re- 
gions, the surface water is warmer and lighter, 
and at the polar regions, probably, colder and 
lighter. 

As a rule, the warm carrents are on the surface, and the 
cold currents, from their greater density, are underneath 
them. In shallow oceans, however, the cold currents come 
to the surface, thus displacing the warm currents and de- 
flecting them to deeper parts of the ocean. 

Had the earth no rotation on its axis, this in- 
terchange would be due north and south, or would 
take place directly between the equatorial and 
polar regions. On account of the earth's rota- 
tion, however, and a variety of other causes, 
these north-and-south directions are consider- 
ably changed. The principal of these deflecting 
causes are — 

(1.) The earth's rotation ; 

(2.) The position of the land masses 

(3.) The winds ; 

(4.) Differences of density caused by evapora- 
tion ; 

(5.) Differences of level caused by evapora- 
tion. 

The changes in direction caused by the earth's rotation 
and the position of the land masses are as follows : as the 
waters are in constant motion, the polar waters reach the 
equatorial regions with an eastward motion less than that 
of the earth. In the equatorial regions, therefore, the 
waters are unable to acquire the earth's motion toward the 
east, and are left behind ; that is, the earth, slipping from 
under them, causes them to cross the ocean at a, a'. Fig. 
77, from east to west, although they are in reality moving 
with the earth toward the east. 

Beaching the western borders of the oceans, near 6, &', 
the continents prevent their going farther west, and de- 
flect them into northern and southern branches, and they 
begin to move toward the poles. 

From c, to rf, and from c', to d', the poleward-moving 
waters are deflected toward the east in both hemispheres. 



The waters on reaching c, from a, and h, still retain the 
eastward motion they acquired while moving with the 




Fig. 77. Defleotioiu of Ooetn Oorrentit 

earth. This motion is greater than that of the earth be- 
tween e, and d. Between these points, therefore, the water 
is acted on by two forces, one tending to carry it toward 
the poles, and the other tending to carry it eastward. 
The resultant of these forces carries the water from e, to 
d, and from c', to d't or toward the narth-eatt in the North- 
em, and toward the south-eatt in the Southern Hemisphere. 

Between d, and e, and d', and t', the waters still retain 
this ezceM of eastward motion, and, therefore, move in 
the directions shown. 

Between e, and a, and e', and a', the waters in both hemi- 
spheres are deflected toward the west because they are 
unable to acquire the earth's motion toward the east. 
Another, and perhaps the main, cause of this westward 
deflection is the depression caused by the westward move- 
ment of the equatorial waters at a, and a'. 

The action of the winds is to tend to move the surface 
waters in the direction in which they are blowing. This 
action is by some authorities regarded as the principal 
cause of constant currents. 

The differenoe in the density of the water, caused by 
evaporation, leaving the w&ter Salter and denser in some 
parts, and fresher and lighter in others, probably acts to 
some extent as a deflecting cause. For example, the water 
evaporated near the equator, and precipitated, for the 
greater part, in regions near the borders of the tropics, 
renders the regions Salter and denser from which it was 
evaporated, and fresher and less dense where it is precipi- 
tated. 

The difference in level caused by the greater evapora- 
tion in the equatorial regions north of the equator than 
in corresponding latitudes in the Southern Hemisphere 
has been ascribed as one of the causes of the flow of Ant- 
arctic waters toward the equator. 

222. General Features of Constant Currents. — 
The following motions of the surface ciirrenta are 
common to all the three central oceans : 

(1.) A movement of the equatorial waters, a, a» 
from east to west ; 

(2.) Their deflection into northern and south- 
ern branches (6 and c), on reaching the western 
borders of the ocean ; 

(3.) A movement of the waters beyond the 
equator from west to east (c?, e) ; 



(4.) A separation of these latter currents into 
two branches (/, g and A, t), one continuing toward 




a~Equator. 



Fig. 78. Ohart of OoiiBtant Onrrenti. 

the poles, and the other toward the equator, where 
they join with the equatorial currents, thus com- 
pleting a circuit in the shape of a vast ellipse ; 

(5.) A flow of the Arctic waters along the 
western border of the ocean (j), and of the Ant- 
arctic along the eastern (^•). 

Since the Indian Ocean is completely closed on the 
north, only part of the above movements are observed. 
In the Pacific, an equatorial counter-current crosses the 
tcean from west to east. 

223. Currents of the Atlantic. — The equatorial 
current crosses the ocean, from east to west, in 
two branches : a south equatorial current, which 
comes from the Antarctic, and a north equatorial 
current, which conies mainly from regions north 
of the equator. 

The north equatorial current flows along the 
north-east coast of South America, and, for the 
greater part, enters the Caribbean Sea and Gulf 
of Mexico, and emerges between Florida and 
Cuba as the Gulf Stream. 

The Gulf Stream flows along the eastern coast 
of North America, with a velocity of from four to 
five miles per hour, and in mid-ocean, between 
Newfoundland and Spain, divides, one branch 
flowing toward Norway, Spitzbergen, and Nova 
Zembla, the other flowing southward, down the 
coasts of Africa, where it forms the main feeder 
of the north equatorial current. 

The south eqiudorial current, after crossing the 
ocean, flows south along the Brazilian coast, and 
divides near Rio Janeiro, the main part flowing 
eastward and mingling with the Antarctic cur- 
rent, and the remainder continuing down the east- 



em coast of South America. Cold currents from 
the Arctic flow down the coasts of Greenland and 
Labrador. A broad polar current sweeps from 
the Antarctic Ocean, and forms the main feeder 
of the south equatorial current, but passes in 
greater part eastward, south of Africa. 

A small elliptical current flows near the equator, 
between the north and south equatorial currents. 

224. Currents of the Pacific. — North and south 
equatorial currents flow from east to west, and 
between them a smaller, less powerAil equatorial 
counter-current, from west to east. The south 
equatorial current, fed by the broad Antarctic 
current, is the larger of the two. 

Tlie north equatorial current, on reaching the 
Philippine Islands, divides into northern and 
southern branches; a portion of its southern 
branch returns with the equatorial counter-cur- 
rent, while the northern branch, the main por- 
tion, flows north-east along the Asiatic coast as 
the Ktiro Sivo, the counterpart of the Gulf 
Stream. At about Lat. 50^, this flows east- 
wardly as a North Pacific current, and oflT the 
shores of North America it returns, in an ellip- 
tical path, southerly to the north equatorial cur- 
rent, forming its main feeder. A small current 
flows through the eastern side of Bering Strait, 
into the Arctic Ocean. 

The south equatorial current of the Pacific is 
broken into numerous branches during its passage 
through the islands in mid-ocean. Reaching the 
Australian continent and the neighboring archi- 
pelagoes, it sends small streams toward the north, 
but the main portion flows south, along the Aus- 
tralian coast, when, flowing eastward, it merges 
with the cold Antarctic current. 

The Antarctic current moves as a broad belt 
of water toward the north-east, when, flowing up 
the western coast of South America, it turns to 
the west, and forms the main feeder of the south 
equatorial current. A part of the Antarctic cur- 
rent flows eastward, south of South America, and 
enters the Atlantic as the Cape Horn current. 

A small cold current from the Arctic flows 
through Bering Strait, down the Asiatic coast. 

225. Currents of the Indian Ocean. — Only a 
south equaiorinl current exists, which flows down 
the eastern and western coasts of Madagascar, and 
down the African coast to Cape Agulhas, when, 
turning eastward, it merges with the Antarctic 
current, and flows up the western coast of Aus- 
tralia, where it joins the equatorial current 



The morth equatorial eurrent in this ocean is indistinct — 

(1.) Because the ocean has no outlet to the north ; 

(2.) Powerful seasonal winds, called the monsoons, move 

the waters alternately in different directions, as huge drift 

currents. 

Sargasso Seas. — Near the centre of the ellip- 
tical movement in each of the central oceans, 
masses of seaweed have collected where the water 
is least disturbed. These are called mrgaaso seas. 



226. Utility of Currents : 

(1.) They moderate the extremes- of climate by 
carrying the warm equatorial waters to the poles, 
and the cold polar waters to the equator ; 

(2.) They increase materially the speed of ves- 
sels sailing in certain directions ; 

(3.) They transport large quantities of timber 
to high northern latitudes. 
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Ocean water contains about three and one-third pounds 
of yarious saline ingredients, in every one hundred. Chlo- 
ride of sodium; sulphates and carbonates of lime, mag- 
nesia, and potassa ; and various chlorides, bromides, and 
iodides, are the principal saline ingredients. 

The salt of the ocean is derived either from the 
washings of the land, or is dissolved out from the por- 
tions of the crust which are continually covered by its 
waters. 

The ocean is Salter in those parts where the evaporation 
exceeds the rainfall. Seas like the Mediterranean, which 
are connected with the ocean by narrow channels, and in 
which the evaporation is greater than the rainfall, are 
■alter than the ocean. Others, like the Baltic, in which 
the rainfSftll exceeds the evaporation, are fresher than the 
ocean. 

Most of the bed of the ocean is covered with a layer of 
dense water, at about the temperature of its maximum 
density. 

The Pacific and Atlantic Oceans occupy about three- 
fourths of the entire water-area of the earth. 

South of the southern extremities of South America, 
Africa, and Australia, the meridians of Cape Horn, Cape 
Agulhas, and South Cape in Tasmania, are assumed as 
the eastern boundaries of the Pacific, Atlantic, and Indian 
Oceans. 

The articulation of land and water assumes four distinct 
forms : Inland SeaM^ Border Seas^ GtUfs and Bays, and Fiords, 
Jnlamd Seas characterize the Atlantic; Border Seas, the Pa- 
eijie; Oulfs awl Bays, the Indian Ocean; and Fiords, the 
Atlantic and Pacific, 

The telegraphic plateau lies between Ireland and New- 
foundland. Its average depth is about two miles. 

The bottom of the ocean is not as much diversified as 
the surface of the land. Its plateaus and plains arc be- 
lieved to be much broader than are those of the land. The 
profound valleys of the ocean are called deeps, its shallow 
parts, rises. 

The greatest depth of the ocean that has as yet been 
accurately sounded is about 5| miles. It is probably deeper 
than this in some places. 

Over extended areas, the floor of the ocean is uniformly 
covered with a deposit of fine calcareous mud or ooze, 
formed of the bard parts of the bodies of minute animal- 
ealm. 

The movements of the oceanic waters may be arranged 
vnder the three heads : waves, tides, and currents. 



The height and velocity of a wave depend upon the 
force of the wind and the depth of the oceanic basin. 

In ordinary wave motion, the water rises and falls, but 
does not move forward. 

Tides are the periodical risings and fallings of the water, 
caused by the attraction of the sun and moon. 

The rising of the water is called flood tide ; the falling, 
ebb tide. 

If the earth were uniformly covered with a layer 
of water, two high tides would occur simultaneously; 
one on the side of the earth directly under the sun 
or moon, the other on the side farthest from the sun 
or moon. 

The tidal wave crosses the ocean from east to west, fol- 
lowing the moon in the opposite direction to that in which 
the earth passes under it while rotating. Its progress is 
considerably retarded by the projections of the continents, 
and the shape of the oceanic beds. Had the moon no real 
motion around the earth, there would be two high and 
« two low tides every twenty-four hours, or the high and 
low tides would be exactly six hours apart. 

Spring Tides are caused by the combined attractions of 
the sun and moon on the same portions of the earth. Neap 
tides by their opposite attractions. 

The parent tidal wave is considered as originating in 
the great water-area of the Pacific on the south. 

Co-tidal lines are lines connecting places which have 
high tides at the same time. 

When the progress of the tidal wave is retarded by the 
shelving coast of a continent, what the tide loses in speed, 
it gains in height. The highe^^t tides, therefore, occur 
where the co-tidal lines are crowded together. 

BoreSy Races, and Whirlpools are tidal phenomena. 

Oceanic currents are either temporary, periodical, or 
constant. 

The heat of the sun and the rotation of the earth are 
the main causes of constant oceanic currents. 

The followiLg peculiarities characterize the constant 
currents in the three central oceans: 

(1.) A flow in the equatorial regions from the east to 
the west; 

(2.) A flow in extra-tropical regions from the west to 
the cast; 

(3.) A division of the eastwardly flowing extra-tropical 
waters in mid-ocean into two branches; one of which 
flows toward the poles, and the other toward the equator, 
where it merges into the ecjuatorial currents. 
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The principal cause of constaut ocean carrents is the 
difference in the density of the equatorial and polar 
waters, produced by differences of temperature. 

The cold, dense waters of the polar regions tend to mix 
with the warm, light waters of the equatorial regions 
along due north-and -south lines. This tendency to north 
and south direction is prevented by the following causes: 

(1.) The rotation of the earth ; 

(2.) The position of the continents ; 

(3.) The direction of the winds; 

(4.) The difference in the saltness of the water; 

(5.) The inequality of the evaporation and rainfall. 



In the Pacific, a counter-current crosses the ocean in the 
equatorial region, from west to east. 

In the Indian Ocean, the directions of the currents are 
modified by the laud masses, which surround the northern 
part of its bed. 

In the northern hemispheres, the western borders of the 
oceans are colder than the eastern borders in the same lati- 
tude, because the former receive the polar currents and the 
latter the equatorial. 

Currents moderate the extremes of climate, by carry- 
ing the warm equatorial waters to the poles, and the oold 
polar waters to the equator. 



REVIEW^ QUESTIONS. 
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How much heavier is salt water than fresh water ? 

What is the freezing-point of ocean water? 

Explain the origin of the saltness of the oceanic waters. 

In the equatorial region, where is the water the colder, 
at the surface or near the bottom of the ocean ? 

How do the areas of the Pacific and Atlantic compare 
with each other in size? Of the Antarctic and Arctic? 

Define inland sea; border sea; gulf or bay; fiord; give 
examples of each. 

Define deeps ; rises. 

What, most probably, is the shape of the bed of the At- 
lantic ? Of the Pacific ? Of the Indian Ocean ? 

Describe the Telegraphic Plateau. 

How does the greatest depth of the ocean compare with 
the greatest elevation of the land ? 

Upon what does the height of a wave depend ? On what 
does its velocity depend? 

What proof is there that during wave motion in deep 
water there is no continued onward motion of the water? 

Distinguish between ebb and flood tides. 

What proofs have we that tides are occasioned mainly 
by the attraction of the moon ? 

What are spring tides? Neap tides? During what 
phases of the moon do they each occur? 



Why should the moon, which is so much smaller than 
the sun, exert a more powerful influence in producing 
tides? 

Where does the parent tidal wave originate? 

What are co-tidal lines? 

Why does the tidal wave progress from east to west? 

Explain the nature of the influence which the tidal 
wave exerts on the rotation of the earth. 

In what parts of the ocean will unusually high tides 
occur? Why? 

By what are races and whirlpools occasioned? 

Distinguish between temporary, periodical, and constant 
oceanic currents. 

Explain the origin of constant currents. How are the 
directions of constant currents affected by the rotation of 
the earth and the shapes of the continents? 

What features of constant currents are common to each 
of the three central oceans? 

On which side of the northern oceans do the polar car- 
rents flow ? On which side of the southern oceans ? 

What are sargasso seas? How are they formed? 

What effect is produced by ocean currents on the ex- 
tremes of climate? 

Of what value are ocean currents to navigation? 
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Point out, on the map of the river-systems, the inland 
seas of the Atlantic ; of the Pacific ; of the Indian Ocean. 

Point out the border seas of the Atlantic; of the 
Pacific. 

Point out the gulfs or bays of the Atlantic ; of the In- 
dian Ocean. 

Point out the principal regions of fiords. 

How many hours does it take the tidal wave to progress 
from Tasmania to the Cape of Good Hope ? From Tasma- 
nia to Newfoundland? From Tasmania to the British 
Isles? (See map of the co-tidal lines.) 

In what parts of the Atlantic does the tidal influence 
progress most rapidly? 

If the velocity of any kind of wave motion in water in- 
creases with the depth of the basin, what parts of the At- 
lantic appear to be the deepest? What portions of the 
Pacific? What portions of the Indian Ocean? 

Trace on the map of the ocean currents, the motion 
of the Antarctic currents in each of the three central 



Where is the Cape Horn current? Is it hot or cold? 
What points of resemblance exist between the north 
and south equatorial currents in the Atlantic and Pacific 
Oceans? 

Trace the progress of the Gulf Stream. 

What points of resemblance exist between the Gulf 
Stream and the Japan current? 

How far to the north-east do the waters of the Gulf 
Stream extend? 

What distant shores are warmed by the waters of the 
Gulf Stream? By those of the Japan current? 

Why do not the heated waters of the Gulf Stream exert 
a more powerful infiuence on the climate of the eastern 
sea-board of the United States? 

Point out the principal cold currents; the principal 
warm currents. 

Which currents would aid, and which would retard, the 
progress of a vessel in sailing from New York to San Fran- 
cisco? From America to Europe? From America to India 
or Australia? 



Part IV. 

THE ATMOSPHERE. 




We live at the bottom of a vast ocean of air which like the ocean of Abater is subject to three 
general moveraenta — waves tides and currents By means of waves its upper surface is heaved m 
huge niountain like masses in one place an I hollowed out in deep %alle\s in another By means of 
currents circulatory movements are set up which effect a. constant interchange between the air of the 
e«]uatonal and the polar regione By means of tides the depth of the atmosphere is increased in some 
places and decreased in others 

Of these three movements of the atmosphere currents are of the greatest importance Aenal car 
rents, or winds are similar to oceanic currents but are more extensile and rapid owing to the greater 
mobility of air. 

By retaining and modifying the solar heat, absorbing and distributing moit>ture, supplying animals 
with oxygen and plants with carbonic acid, the atmosphere plays an important part in the economy 
of the earth. 

Meteorolc^ is the science which treats of the atmosphere and its phenomena. 



Section I. 

THE ATMOSPHERE. 



CHAPTER I. 

General Properties of the Atmo- 
sphere. 
227. Compoiition. — The atmosphere is a me- 
duinical mixture of nitrogen and oxygen, in the 



proportion, by weight, of nearly 77 per cent of 
nitrogen to 23 per cent, of oxygen. To these 
must be added a nearly eondatit quantity of car- 
bonic acid, about 5 or 6 parts in every 10,000 
partf of air, or about a cubic inch of carbonic acid 
to every cubic foot of air, and a rery variable pro- 
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portion of watery vapor. The gaseous ingredieotB, 
though of different denBitiea, are fouod in the 
same relative proportions at all heights, owing 
to a property of gases called diffusion. 

The oiygeD and carbonic acid ar« the most imporluit 
of the gaseous constituents. Oxygen supports combuation 
and respiratiou, and is tbus necessary to the existence of 
attviud life. Carbonic acid, composed of carbon and oxy- 
|;en, is the source from whicli vegetation derives its tcmidji 
fibrt, and is tbus oecesaary to the existence of plant lift. 
lu nupinition, HDimtkis take in oxygen and give out car- 
bonic acid; in sunlight, plants take in carbonic acid and 
give ont oxygen. In this way tbc relative proportions of 
the lubitatita necaiary lo Iha eiuienw of animal and plant 
life are kept nearly coiDlani. 

228. Elasticity. — The atmosphere is eminently 
elastic ; that is, when compreeeed, or made to oc- 
cupy a smaller volume, it will regain its original 
volume on the removal of the pressure. Air also 
expands when heated and contracts when cooled. 

229. Fresmre. — So evenly does the atmosphere 
press on all sides of objects that it was long be- 
fore it was discovered that air possesses weight. 
The discovery was made by Torricelli, an Italian 
philosopher and pupil of the famous Galileo. The 
instrument Torrieeili employed is called a £0- 
rometer. 



Fig. 79. Buometar. 

910. The Barometer.— Tbo principle of the barometer 
is OS follows : A gliL^ tube, about 33 inches in length, is 
closed at one end and filled with pure mercury. Placing 
a flnger over tbe open end, the tube is reversed and dipped 
l>etow the surface of mercury in a cup or other vessel. 
On removing thu finger, a column of mercury remains in 
tbe tube, being sustained there by the pressure of the at- 
mosphere. Near ttie sea-level this column is about 30 
inches high; on niuuntain« it is much lower; in all cases, 
the weight of the mercurial column being eijual to that 
of an equally thick column of air, extending from tbe 
level of the reservoir to the top of the atmosphere. 

Any variation in the pressure of the atmosphere is 
marked by a corresponding variation in the height of the 
mercury in the barometer, tbe column rising with in- 
creased, and falling with diminished, pn»sure. 

The entire atmosphere presses on the earth 



with the same weight as would a layer of mer- 
cury about 30 inches in depth. A column of 
mercury 30 inches high, and one square inch in 
area of cross section, weighs about 15 pounds. 
Therefore, the pressure which the atmosphere exerts 
on the earth's surface, at the level of the tea, w equal 
to about 15 pounds Jor every tujuare inch oftur/aee. 
The entire weight of the atmosphere, in pounds, 
is equal ta 15 times the number of square inches 
in the earth's surface. 

The atmoapheria pressure Is not uniform on all parts of 
the earth at the same level. From a few degrees beyond 
the equator tbe pressure increases in each hemisphere up 
toaboutlat. 35°, where it reaches its maximum, decreasing 
in tbe northern hemisphere to lat. 65', when It again in- 
creAses toward the poles. 

23L Height of the Atmosphere. — If the air 
were everywhere of the same density, its height 
could be easily calculated ; but, on account of its 
elasticity, the lower layers are denser than the 
others, because they have to bear the weight of 
those above them. Tbe density must, therefore, 
rapidly dimiaish as we ascend. 

If by pressure on a gas we diminish its volume one- 
half, its density will be doubted; conversely. If the den- 
sity be dimiuisbed one-half, the volume will be doubled. 
The following table, calculated from the law of increase 
in volume with diminished pressure, gives the barometric 
height, the volume, and the density of the air at different 
elevations above the sea. Tbe elevation of 3.4 miles is the 
result of observation ; the other distances are estimated. 







D.n.l.J. 


IMlDiiied DJiUuca 


Height In IncbM. 






30.00 


1 




00 


15.00 


2 




3.4 


7.50 










8 




10.2 


1.87 


16 




13.6 


.93 




■it 


17.0 



It appears from the above table that by far the 
greater part of tbe air by weight lies within a few 
miles of the surface, nearly three-fourths being 
below the level of the summits of the highest 
mountain-ranges. 

Tbe height of the upper limit of the atmosphere 
has been variously estimated. Calculations based 
upon the diminution of pressure with the height, 
place it at from 45 to 50 miles above the level of 
the sea ; others, based 0!i the duration of twilight, 
place it at distances varying from 35 to 200 milee. 

The foim of the atmosphere is that of an ob- 
late spheroid, the oblateneaa of which is greater 
than that of the earth. 



By carofQlly ohaervtiig the decrease iii premare with the 
eleriition, »t different Bllitudes,&ud makinR proper correc- 
tlous, the heights of mouulsins can he readily detennincd 
by the barometer. The measuretueiit of heights by the 
buoDieter, or BiiuilBT meaus, is called ifypwrncfry. 

CHAPTER II. 
Climate. 

S38. The Climate of a. country ia the condi- 
tion of ita atmoephere as regards keat or cold. 

The climate of a country also embraces the con- 
dition of the air as regards nioiature or dryness, 
and healthiness or un healthiness, which are de- 
pendent on the temperature. 

233. Temperatnre. — The temperature of the 
atmosphere is determined by means of an instru- 
ment called a thermometer. 

The thenaometor consists of a glass tube of very fine 
bore, furnished at one end with a bulb. Tbe tube is care- 
fully dried and tbe bulb filled with pure mercury and 
beated in the flame of a spirit-lamp; tbe mercury expands, 
and, fliliug the flue capillary tube, a jtortieii runs out 
from tbe open end, thus effectually eipelliug the air. A 
blowpipe flame is then directed Hgainst the open end and 
the tube hennetically sealed. As the bulb cools, the mer- 
cury contracts, and leaves a vacuum in the up]ier part of 
tbe tube. The instrument will now judicata changes in 
temperature; for, whenever the bulb grows warmer, the 
n of mercury expands and rises; and when it growa 



colder 



1 falls. 



In order to compare these changes of level they are 
referred to certain fixtd or itandard poinli: ISt frtaing- 
aml bmtvug-poiiiU of pure water. These are obtained by 
marking the respective heights h> which the mercury rises 
when tbe thermometer is plunged into melting ice and 
into the steam escaping from boiliug water. Id Fahrtn- 
k«il'a Mate the IVeezing-point is placed at 33°, tbe boil- 
ing-point at 312°, and tbe apace between these two points 
divided into 180, (318 —32) equal parts, called degrees. In 
tbe Onliirrade leoit the freezing- and boiling-points are re- 
apeetively 0° and lOO". Fahrenheit's degrees are repre- 
sented by an F., thus, 212° F. ; Centigrade's by a C, *S 
100° c. 

S31. Aitronomioal and Phyrioal Climatei. — 
Ailronomical climate ia that which would result 
were tiie earth's surface entirely uniform and of 
but one kind : all land or all water. 

Phytical elimate is that which actually exists. 

Since the physical climate is only a mwliflcation of tbe 
astronomical, we shall briefly review the causes which 
tend to produce a regnlar decrease in temperature from 
the equator to the poles. 

Astronomloal Climate. — The sun is practically 
the only source of the earth's heat. On account 
of the earth's spherical shape, those portions of 
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the surface are most powerfully heated which re- 
ceive the vertical rays, and these are confined to 
a zone reaching 23° 27' on each side of the equa- 
tor. Beyond these the rays fall with an obliquity 
which increases as we approach the poles. 

236. Cansei of tbe gTeater heating power of 
the vertical rays of the ma. than of tbe oblique 
raya. 




(1.) The veitical rays are spread orer a smaller 
area. Equal areas of the sun's surface give off 
equal quantities of beat. If, therefore, the bun- 
dle of raya a b, and c d, come, from equal areas, 
the amounts of beat they emit will be equal ; but 
while the heat given off from a b, the more ver- 
tical rays, is spread over the earth's surface from 
/, to g, that from c d, is spread over the greater 
area k i; the area / g, therefore, which receives 
the more vertical rays, is much warmer than A i, 
where the obliquity is greater. 

(2.) Tbe vertical rays pass tbrongb a thinner 
layer of air. Only a part of the sun's heat 
reaches the surface of the earlh ; about 28 per 
cenLof the vertical rays are absorbed during their 
passage through the atmosphere. The aniount of 
this absorption must increase as the length of 
path increases. In the figure, the light shading 
represents the atmosphere. It is clear that the 
oblique rays pass tlirough a thicker stratum of 
air than the more direct ones, and, therefore, are 
deprived of a greater amount of heat. 

According to Laplace, the thicknessof thestratnmof air 
traversed by the raya irhen the sun is at the horizon is 
35.5 times greater than when it is directly overhead. A 
similar absorption of lihiht aflccta the comparative bright- 
ness of daylight in diflereut latitudes. 

(3.) The vertical rays strike more directly, 
and. therefore, produce more beat. The beating 
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power of the more nearly vertical rays is greater 
than that of the rays which strike obliquely. 

236. Variations in Temperature. — The differ- 
ences in the heating power of the vertical and ob- 
lique rays of the sun cause the temperature of 
the earth's surface to decrease gradually from the 
equator toward the poles. The differences of tem- 
perature thus effected are further increased by the 
difference in the length of daylight and darkness. 
While the sun is shining on any part of the earth 
the air is gaining heat ; when it is not shining the 
air is losing heat. When the length of daylight 
exceeds that of the darkness, the gain exceeds 
the loss; when the darkness exceeds the day- 
light, the loss exceeds the gain. 

The excessively low temperatures that would 
result from the oblique rays in high latitudes are 
prevented by the great length of daylight during 
the short summers, thus allowing the sun to con- 
tinue heating the surface during longer periods. 
The warmest part of the day in high latitudes 
sometimes equals that in the equatorial regions. 
During the long winters, however, the continued 
loss of heat makes the cold intense. 

Hence in the tropics we find a continual sum- 
mer ; in the temperate zoius, a summer and winter 
of nearly equal length; and in the polar zones, 
shorty hot summers, followed by long, intensely cold 
winters. 

The true temperature of the air is ascertained by hang- 
ing a thermometer a few feet above the ground, so as to be 
shielded from the direct rays of the sun, and yet be in free 
eon tact on all sides with the air. 

237. Manner in which the Atmosphere re- 
ceives its Heat from the Sun. — The atmosphere 
receives its heat from the sun — 

(1.) Directly. As the sun's rays pass through 
the air, about 28 per cent, of the vertical rays 
are directly absorbed, thus heating the air. The 
remainder pass on and either heat the earth, or 
are reflected from its surface. 

(2.) From the heated earth. The sun's rays 
heat the earth and the heated earth heats the air. 
It does this in three ways : 

(a.) By the air coming in contact with the 
heated earth. 

(6.) By the heated earth radiating its heat, or 
sending it out through the air in all directions. 

After the sun's heat has been absorbed bv the 
earth and radiated from it, a change occurs which 
renders the rays much more readily absorbed by 
the air. 

(c) By the heat being reflected from the earth 
11 



and again sent through the air. But little heat 
is imparted to the air in this way. 

It is mainly the aqueous vapor the atmosphere 
contains that absorbs the sun's heat. Dry air 
allows the greater part of the heat to pass through 
it ; therefore variations in the quantity of vapor in 
the air must necessarily produce corresponding 
variations in the distribution of heat. 

238. Isothermal Lines are lines connecting 
places on the earth which have the same mean 
temperature. 

The Mean Daily Temperature of a place is ob- 
tained by taking the average of its temperature 
during twenty-four consecutive hours. 

T&e Mean Annual Temperature of a place is 
the average of its mean daily temperature 
throughout the year. 

If the physical climate were the same as the 
astronomical, the isothermal lines would coincide 
with the parallels of latitude. 

An inspection of the map of the isotliermal lines shows 
that their deviations from the parallels, thongh well 
marked in all parts of the earth, are greniest in the north' 
em hemisphere. Wherever, from any canse, the mean tem- 
perature of a place is higherf the isothermal lines are found 
nearer the poles ; when lower^ nearer the equator. The former 
effects are noticed particularly in portions of the ocean 
traversed by warm currents; the latter, in crossing por- 
tions of the ocean traversed by cold currents. In the map 
of the isothermal lines the influence of elevation is re- 
moved by adding 1° for every 1000 feet of elevation. 

239. Physical Zones.— The Physical Torrid 
Zone lies on both sides of the equator, between 
the annual isotherms of 70° Fahr. 

The Physical Temperate Zones lie north and 
south of the Physical Torrid Zone, between the 
annual isotherms of 70° and 30° Fahr. 

The Physical Frigid Zones lie north and south 
of the Physical Tenipenitc Zones, from the an- 
nual isotliernis of 30° Fahr. to the poles. 

The greatest mean annual temi)erature in the 
eastern hemisphere is found in portions of North 
Central Africa, and in Arabia near the Red Sea, 
in the southern part of Hindostan, and in the 
northern part of New Guinea and the neighbor- 
ing islands ; in the western hemisphere, in the 
northern parts of South America and in Central 
America. 

240. Modifiers of Climate. — The principal 
causes which prevent the isothermal lines from 
coinciding with the parallels of latitude are: 

(1.) The Distribution of the Land and Water 
Areas. — Land heats or cools rapidly, absorbing or 
emitting but little heat. This is because the land 
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has a small capacity for heat, aud also because 
the heat passes through but a comparatively thin 
layer. Therefore, a comparatively short exposure 
of land to heat produces a high temperature, and 
a comparatively short exposure to cooliug, a low 
temperature. Water heats or cools slowly, ab- 
sorbing or emitting large quantities of heat. This 
is because water has a great capacity for heat. 
The heat penetrates a comparatively deep layer, 
and then, too, as soon as slightly heated, the warm 
water is replaced by cooler water. Therefore, the 
water can be exposed to either long heating or 
long cooling without growing very hot or very 
cold. Hence, the land is subject to great and 
sudden changes of temperature; the water, to 
small and gradual changes. 

Places situated near the sea have, therefore, a 
more equable, uniform climate than those in the 
same latitude in the interior of the continent 
The former are said to have an oceanic cliTnate; 
the latter, a continental climate. 

In the polar regions^ a preponderance of modern 
ately elevated land areas causes a colder climate than 
an equal area of water, because land loses heat 
more rapidly than water. 

In the tropicSf a preponderance of land areas 
causes a warmer clhnaie than an equal area of water, 
because land gains heat more rapidly than water. 

(2.) The Distribation of the Belief Eorms of 
the Land Masses. 

(1.) Elevation. — The temperature of the atmo- 
sphere rapidly decreases with the elevation. The 
decrease is about 3° Fahr. for every 1000 feet. 

The increased cold is caused as follows : 

(1.) Since the air receives so much of its heat indirectly 
from the earth's surface, the farther we go upward from 
the surface, the colder it grows. 

(2.) In the upper regions of the atmosphere the de- 
ereased density and humidity of the air prevent it from ab- 
sorbing either the direct rays of the sun, or those reflected 
or radiated from the earth. The effect of elevation is so 
powerful that on the sides of high tropical mountains the 
same changes occur in the vegetation that are observed in 
passing from the equator to the poles. 

(2.) Direction of the Slopes. — ^That slope of 
an elevation on which the sun's ravs fall in a di- 
rection the more nearly at right angles to its sur- 
face will be the warmest. 

In the northern hemisphere the southern slope of a hill 
is warmer in winter than the northern slope, because the 
rays fall more nearly at right angles to its surface. 

(3.) Position of the Mountain-Ranges. — A 
mountain-range will make the country near it 
warmer if the wind from which it shields it is 



cold; it will make it colder if such wind is 
warm. 

The position of the mountain-ranges of a oonntry also 
greatly affects the distribution of its rainfall. Thus, the 
tropical Andes are well watered and fertile on their east- 
em slopes, but dry and barren on their western. The pre- 
vailing moist trade winds, forced to ascend the slopes, 
deposit all their moisture on them in abundant showers, 
and are dry and vaporless when they reach the other side. 

(4.) Nature of the SnrfiEtce. — The temperature 
of a tract of land is greatly affected by the nature 
of its surface. If covered with abundant vege- 
tation, like a forest, or if wet and marshy, its sur- 
face heats and cools slowly, and has a compara- 
tively uniform temperature ; but if destitute of 
vegetation, and dry, sandy, or rocky, it both 
heats and cools rapidly, and is subject to great 
extremes of temperature. 

(3.) Distribntion of Winds and Moisture. — ^The 
principal action of the winds, and their accom- 
panying moisture, is to moderate the extremes of 
temperature by the constant interchange between 
the heat of the equatorial and the cold of the 
polar regions. Both wind and vapor absorb and 
render latent large quantities of heat in the equar 
torial regions, and give it out, in higher latitudes, 
on cooling. In cold countries the climate is ren« 
dered considerably warmer by the immense quan- 
tity of heat thus emitted by the condensed vapor. 

(4.) Ocean Currents. — Since the warm waters 
move to the polar regions, and the cold waters to 
the equatorial regions, the general effect of ocean 
currents on climate is to reduce the extremes of 
temperature. 

The combined effects of the action of the winds, 
moisture, and ocean currents are seen in the north- 
ern continents, whose western shores, under the in- 
fluence of the prevailing south-westerly winds, 
copious rains, and tropical currents, are consider- 
ably warmer than the eastern shores in the same 
latitude. 

The coasts of Great Britain are warm and fertile, while 
Labrador, in the same latitude, is cold and sterile. The 
island of Sitka, in the Pacific, is warmer than Kamtchatk* 
from similar causes. 



-•o»?o«- 



CHAPTER III. 
The Winds. 

24L Origin of Winds. — Winds are masses of 
air in motion. They resemble currents in the 
ocean, and result from the same causes— difller- 
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ences of density caused by differences of tem- 
perature. 
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Fig. 81. Origin of Winds. 



The equilibrium of the atmosphere is disturbed 
by differences of temperature as follows : When 
any area becomes heated, as at a a, Fig. 81, the 
air over it, expanding and becoming lighter, is 
pressed upward by the colder air which rushes 
in from all sides. Thus result the following 
currents : ascending currentSy b 6, over the heated 
area ; lateral^ surface currents, e c, from all sides 
toward the heated area ; upper currents^ d d, from 
the heated area; and descending currents, e e. 
It is the lateral currents which flow toward or 
from the heated area that are felt mainly as 
winds. The ascending currents rise until they 
reach a stratum of air of nearly the same den- 
sity as their own, and then spread laterally in 
all directions toward the areas where the air 
has been rarefied by the movements of the lat- 
eral surface currents, until they finally descend, 
and recommence their motion toward the heated 
area. These circulatory motions continue as long 
as the heate(l area remains warmer than surround- 
ing regions. 

In speaking of winds, reference is always made to the 
sorfaoe currents, unless otlierwise stated. 

242. Origin of the Atmospheric Circnlation. — 
The hottest portions of the earth are, in general, 
within the tropics; hence in the equatorial regions 
ascending currents continually prevail. To sup- 
ply the partial vacuum so created, lateral sur- 
face currents blow in toward the equator from 
the poles, while the ascending currents, after 
reaching a certain elevation, blow as upper cur- 
rents toward the poles. Thus result currents by 
which the entire mass of the atmosphere is kept in 
constant circulation, and an interchange effected 
between the air of the equator and the poles. 

The most important of these currents are the 
following : 

(1.) Polar currents, or the lateral surface cur- 



rents, which flow from the poles to the equator ; 
and 

(2.) Eqiiaiorial currents, or the upper currents, 
which flow from the equator toward the poles. 

It will be noticed that wherever the surface 
wind blows in any given direction, the upper 
wind blows in the opposite direction. 

In several instances the ashes of volcanoes have beec 
carried great distances in directions opposite to that in which 
the surface wind was blowing. The smoke from tall chim- 
neys at first takes the direction of the surface wind, but 
rising, is soon carried in the opposite direction by the 
upper currents. The clouds are often seen moving in a 
direction opposite to that indicated by vanes placed on 
the tops of the houses. 

A current of air is named according to the di- 
rection from which it comes; a current of water, 
according to tlie direction in which it is going. 
Thus, a north-east wind comes from the north- 
east ; a north-east current of water goes toward 
the north-east. 

243. Effect of the Earth's Eotation on the 
Direction of the Wind. — Were the earth at rest, 
the equatorial and polar currents would blow due 
north and south in each hemisphere ; but by the 
rotation of the earth they are turned out of their 
course in a manner similar to the oceanic currents 
already studied. 

The polar currents, as they approach the equa- 
tor, where the axial velocity toward the east is 
greater, are left behind by the mo/e rapidly mov- 
ing earth, and thus come, as shown in Fig. 83, 
from the north-east in the nonhern hemisphere, 
and from the south-east in the southern. 

The equatorial currents, under the influence of 
the earth's eastward motion, are carried toward 
the east as they approach the poles, and thus 
come, as shown in Fig. 83, from the south-west in 
the northern hemisphere, and from the north-west 
in the southern. 

Wherever the j)olar winds prevail, their direc- 
tion, when unaffected by local disturbances, 'loill 
be north-east in the northern hemisphere ^ and south- 
east in the sQuthern. Near the equator their di- 
rection is nearly due east. 

Wherever the equatorial currents prevail, their 
direction will be south-west in the northern hemir 
sphere^ and north-west in the southern. 

In Fig. 82, the equatorial currents are repre- 
sented as continuing to either pole as upper cur- 
rents, and the polar winds as surface currents to 
the equator. If this were so, constant north-east- 
erly winds would prevail in the northern hemi- 
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^here, and constant south-enst^rly winda in the 
BDuthem. Several causes, however, exist to pre- 
vent this simple circulation of the air between the 
equatorial and polar regions. 

The equatorial earrenta do not continue <u upper 
eurrenti all the way to the poles, but fall and become 
gurfaee eurrenls, replacing the polar winds, vohidi 
rite and continue for a while Unoard the efpialar a* 
upper currentg. 

244. Causes of Interchange of Bnr&ce and 
Upper Correnti. — The cauees which produce this 
Bbifliog of the equatorial and polar currents are : 

(1.) The equatorial currents become cold— 

(a.) B; the cold of elevation ; 

(6.) By expansion ; 

(e.) By change of latitude. 

The equatorial currents therefore fall and are 
replaced by the polar currents, which have been 
gradually growing warmer by continuing near 
the surface of the earth. 

(2.) As the equatorial currents approach the 
poles they have a smaller area over which to 
spread, and, being thereby compressed, are caused 
to deaceud and become surface currents. 

ThU iaterchtinge betweea the equatorinl snd polar cui^ 
renti taken plsce at about lat. 30°. It varies, however, 
with tbo position of the Bun, moving toward the pol« 
viben the sjn is tienrlj' overhead, and toward the equator 
when tho sun is in the other hemisphere. 

The interchange in the position of the equatorial and 
polar CDrrent-i is represented in Pig, 83. 

As the equatorial currrents fall, they divide. 



filttnhaBg* «f the EfMtotUl «B(I Tolir OoRMiti. TfnilZinM. 



part going to the poles, and part returning to the 
equator. 

The general system of the agrial circulation 
thus indicated is more regular over the oceans 
than over the land. Over the continents the 
greater heat of the land during summer causes 
a general tendency of the wind to blow toward 
the land ; similarly, the greater cold of the land 
during winter causes a tendency of the wind to 
blow toward the sea. 

246. Claaaification of Wind*.— Winda are di- 
vided into three classes: 

(1.) Constant, or those whose direction remiuns 
the same throughout the ytsax. 

(2.) Periodical, or those which, for regular p^ 
nods, blow alternately in opposite directions. 

(3.) Variable, or those which blow in any di- 
rection. 

246. Wind Zones. — The principal wind zones 
are the zone of calms, the zones of the trades, the 
zones of the calma of Cancer and Capricorn, the 
zones of the variable winds, and the zones of the 
polar winds. 

Zone of Calms. — In parts of the ocean near the 
equator the ascending currents are sufficiently 
powerful to neutralize entirely the inblowing 
polar currents, and thus produce a calm, which, 
however, is liable at any moment to be disturbed 
by powerful winds. The boundaries of the zone 
vary with the sea^n ; they extend from about 2° 
to 11° north latitude. 
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ZonM of the Trades.— From the limits of the 
zone of calma to about iiQ° on eaob side of tbe 
equator the polar currente blow with great steadi- 
aesA throughout the year. The conatancy in their 
direction has caused these winds to be named 
" trade windg," from their great value to com- 
merce. Their direction is north-eaat in the north- 
em hfmigphere, and math-east in the oouthtTn. 

Zones of the Calms of Cancer and Capricorn. 
— Between the zones of the trades and the vari- 
ablee, where the interchange takes place between 
the equatorial and polar currents, zones of calms 
occur. Their boundaries are not well defined, 
and are dependent on the position of tbe sun. 

Zones of the Variable Winds. — Beyond the 
limits of the preceding zones to nciir tbe latitude 
of the polar circles, the equatorial and polar cur- 
rents alternately prevail. Here the equatorial 
and polar currents are continually striving for 
the mastery, sometimes one and sometimes the 
other becoming tbe surface ourrenL During 
theee conflicts the wind may blow from any 
quarter: but when either current is once eetab- 
liabed it often continues constant for some days. 
This is especially the case over the ocean, where 
the modifying iofluenceg are lesB marked. 

Though the winds in these zones are variable, 
still two directions predominate : south-west and 
north-east in the northern hemisphere, and north- 
west and south-east in the southern. Westerly 
winds, however, occur the most frequently in 
nearly all parts of these zones. 

The eqnaloiikl currents are Hometlmes oll^ the R^nnk 
Tradu, or the Anii-lrada, because they blow in tho oppo- 
site direction to the tradei). 

Between about )at, 25° aud W, N. and 8., over parts of 
tbe ocean, the winds are neatly periodical, blowiug during 
tbe hotter portions of the year in t'nuh hemisphere from 
the poles, and during the remaitidcr or the year from the 
equator. ThU xone ia often called thu Zone of the Sub- 
tropical winds. 

Polar Zones. — From the limits of the zones of 
tbe variables to the poles, there are regions of pre- 
vailing polar winds. These winds are most fre- 
quently north-east in the nortliern bemispbere, 
and south-east in tbe southern. 

S47. Dovo'h Law of the BotatloD of tbe WindB.— 
Tbe equatorial aud polar currcuU unuall; diaplare each 
other, and become surface winds iu a ri'gulur order, first 
discovered by Prof. Dovu of Berlin. 

/■ tkt nortlkeni ktwiuplitrf, liefore the polar current is 
pemaoeatly established from the north-east, the wind 
blows in regular order from tbe tettt, wirlh-viat, and Horft. 
The displacement of the pulat by the tHiuaturial currents 
occatt iu the apposite directiuu': from the aul, toitlh-rail, 



a»d toidh, liefore the general loatX-icnt current is perma- 
nently establinhed. 

In tht jou'Aem hrmitphert these motions are rerened. 

This rotation of the winds, together with the eflecta 
produced on the thermometer aud barometer, is indicated 
in the following diagram. Since the equalorlal currents 
are warm, moist, and light, when they prevail the ther- 
mometer rises and the barometer falls. On the enUblish- 
mcut of the polar enrrents, however, the thermometer 
ttXU and the barometer rises. 




Fig. 84. Eotatltm of the Wisdi (aft« Dots). 

The "tporm waves" of the zones of tbe variable 
winds are caused by the prevalence of the equa- 
torial currents. Similarly, the " <xld waves " are 
caused by the prevalence of the polar currents. 

248. Land and Sea Breezes, — During the day 
the land near tbe coast becomes warmer than the 
sea. An ascending current, therefore, rises over 
the land, and a breeze, called the sea breete, sets 
in from the sea. At night the land, from ita 
more rapid cooling, soon becomes colder than the 
water; the ascending current then rises from the 
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water, and a breeze, called the land breeze, sets in 
from the land. The strength of these winds de- 
pends upon the diflerence in the temperature of 
tbe land and water ; they are, therefore, best de- 
fined in tlie tropical and extra-tropical regions, 
though they may occur in higher latitudes during 
the hottest jMirts of the year. Land and sea 
breezes are periodical winds. 

249. Honsoons are )>eriodical winds, which dur- 
ing part of the year blow with great regularity in 
one directicin. and during the rcniaiiider of the 
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year in the opposite direct ion. They are in real- 
ity liuge land and eea breezes, ciiu^d by the dif- 
ference in temperature between the warmer and 
colder halves of the year. They ocour mainly in 
the regions of the trades, and are in reality trade 
winds which have been turned out of their course 
by the unequal heating of land and water. 

During winter, in either hemisphere, the oceans, 
being warmer than the land, cause a greater 
regularity in the trades; but during summer, the 
tropical continents become intensely heated, and 
their powerful ascending currents cause the equa- 
torial currents to blow toward the heated areas 
as surface winds, and thus displace the trades. 
The interval between the two monsoons is gener- 
ally characterized by calms, suddenly followed by 
furious gales, that may blow from any quarter. 

250. Hotuoon Eegioiw.— There are three well- 
marked regions of monsoons — the Indian Ocean, 
the Gulf of Guinea, and the Me.\icBn Gulf and 
Caribbean Sea. The first is the largest and moat 
distinctly marked. 

Honaooni of the Indian Ocean. — Here the 
trades are deflected by the overheating of the 
continents of Asia, Africa, and Australia. 

In ikt norffcrm hrmupiifre tho iiorth-cnat trados prevail 
with great reKuIarily over the Indian Owau during the 
cooler hnlf of the year r from Ortobcr to Aiiril, but duriug 
tbe warmer half; rrom April to October, the lit^ntcd Asiatic 
continent deflects the lradi:s, and the equatorial currents 
nth-west. The same winds ulso pre- 
the western ttordtr of the 
t uf Africa as far snuth as 









nutb of tbe equator, ( 
ocean, along the eastern coi 
HulagBScar. 

Ja Ihf loalheni hatiiephrrr, 
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the Auglralian continent, 
east during tbe 
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Koiuooni of the Onlf of Oninea. — Here the 
north-east trades are deflected by tlie intensely 
heated continent of Africa. The south-west i^um- 
mer monsoon blows over the land as far inland 
as the Kong Mountains. 

HoDBOons of the Kezican Gulf and Caribbean 
Sea. — In this region the north-eatit trade winds 
are deflected by the overheating of the Missis- 
sippi Valley. The A'oriher» of Texas, which are 
cold winds blowing for a few days at a time over 
the Texan and Mexican plains, may be considered 
as connected with the winter monsoons. 

Besides the preceding well-marke<I regions, nearly all 
the coasts of the cnntinentri in and near the tniiiica have 
•null monsoon regions, as. for exanipip, the Wistcrn coasts 
of Hezieo, the eaaterii and western coasts of South Aiuor- 
io, and the western and uortheru coasts of Africa. 



251. Seiert Winds.— The rapid heating and 
cooling of deserts make them great disturbers 
of the regular system of winds. Currents al- 
ternately blow lou^ard and from the lieated area. 
The latter are intensely hot and dry. 

The Et^^ian Winda. — During summer the barren 
soil of the Desert of Sahara, becoming intensely 
heated, caus^ strong north-east winds to blow 
over the Mediterranean Sea. These are called 
the Etesian winds, and continue from July to 
September; they are strongest during the day- 
time. 

Hot Deiterl Wind^.—Vram tbe Sahara a period- 
ical wind, called the Jfarniattnn, blows on the sotdh- 
west, over the coasts of Guinea ; oh the north, the 
Solaiio blows over Spain, and the Sirocco blows 
over Southern Italy and Sicily. Though some- 
what tem|>ered during their passage across the 
Mediterranean, these winds are still exceedingly 
hot and oppressive. 

From the deserts of Nubia and Arabia in- 
tensely hot, dry winds blow in all directions over 
the coasts of Arabia, Nubia, Persia, and Syria. 
These winds are known under the general name 
of the aimoorrt or samiel. From their high tem- 
perature and the absence of moii^ture, they often 
cause death from nervous exhaustion. 

During tbe prevalence of the simoom, particles of Quo 
sand are carried into the atmosphere and obscure the light 
of the sun. Becoming iuteuselj heated, thuK particles, 
bj their radialiou. increase tlie temperature of the air, 
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The Khamsin blows at irregular intervale over 
Egypt from the south ; but when established, 
generally continues for fifty days. It is intensely 
hot and dry, like the simoom, and is loaded with 
fine sand. 

252. Honntain Vinda. — During the day the 
elevated slopes of mountains heat the air over 
them hotter than at corresponding elevations over 
the valleys. Currents, therefore, ascend the val- 
leys toward Ike mountains during the day. During 
the night, however, the air near the summits be- 
comes colder than that near the base. Currents, 
therefore, descend the valleys from the vwuntains 
during the night. 



/ CHAPTER IV. 
Storms. 

253. Stormi are violent disturbances of the 
ordinary equilibrium of the atmosphere by wind, 
rain, snow, hail, or thunder and lightning. 

During storms the wind varies in velocity from 
that of a scarcely perceptible breeze to upwards 
of 200 miles per hour. 

Velocity asd Powbb or Winim. 



Cyclones originate in the tropical regions, but 
frequently extend far into the temperate zones. 



VelKlIT of Wind Id 

Mil-, per hour. 




1 




4to5 


Gentle Wind. 


10 to IS 


PU^iu Brisk Q>lB. 


SO to 25 


Very Brisk. 


aotoK 


High Wind. 


40 


Very High. 






60 


Grait Storm. 


eo 




100 


Violent Hurric»ne. 


eotosoo 


ToTQado, 



254. Cyclones are storms of considerable ex- 
tent, in which the velocity of the wind is much 
greater than usual, and the air moves in eddies or 
whirls, somewhat similar to whirlwinds, but of 
vastly greater power and diameter. 

In all such storms the vrind revolves around a 
calm centre ; over the calm centre the barometer 
is low, but on the sides, and especially on that side 
toward which the storm is moving, it is high. 

Besides the rotary motion of the wind, there is 
also a progressive motion, which causes the storm 
to advance bodily, moving rapidly in a parabolic 
path. The general term Cyclone has been ap- 
plied to these storms on account of their rotary 
motion. They hsve also various local names. 




Sig, 87. A Btorm iX Ba*. 

2Sfi. Regions of Cyclones. — The following are 
the most noted regions: 

The West Indies, where they are generally 
called hurricanes. 

The China Seas, where they are known as 
typhoons. 

The Indian Ocean, 

In each of these regions the storms occur about 
the time of the change of the regular winds, end 
have their origin in marked differences of tem- 
perature ; thus in the Indian Ocean and the China 
Seas, they generally occur a((AecA<ing'e of the mon- 
soon, after the great heat of summer. They are at- 
tended with the condensation of moisture and in- 
tense electrical disturbance. 

256. Cause of Cyolonei. — Cyclones originate in 
an area of low barometer caused by the ascending 
current of air that follows the overheating of any 
region. As the air rushes in from all sides it is 
deflected by the earth's rotation, and assumes a 
rotary or whirling motion around the heated area. 
The centrifugal force generated by this rotation 
causes the barometric pressure of the area to be- 
come lower and the area to grow larger. Mean- 
while the inflowing air, ascending, is chilled by 
the cold of elevation and by expansion sufficiently 
to condense its vapor rapidly. The heat energy, 
previously latent in the vapor, is now disengaged, 
and causes the air to mount higher and condense 
still more of its vapor. It is to the energy thus 
rapidly liberated by the condensation of the vapor 
that the violence of the cyclone is due. Cyclone*, 
therefore, acquire extraordinary violence only 
when an abundance of vapor is present in the 



As tbe inblowing winds come near the heated 
area, ibej niuet blow with increased violence in 
order to permit the same quantity of air to pasa 
over the constantly narrowing path. 

Beddee tbe rotary motion of the wmd, the 
storm moves or progresses over a parabolic path, 
which in tbe tropics is generally toward the west, 
and in the temperate zones toward the east. This 
progieasive motion of the storm is like the similar 
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Fig. 88. ObutaIiowlngFitfaudDir»otl(iDi>rG7olan«. 

motion often noticed in a rapidly Bpiiining top. 
It is due to the combined influences of the inrush 
of air, tbe earth's rotation, and centrifugal force. 
2A7. Peculiarities of Cyclones. — Cyclones rage 
most fiiriously in the neighborhood of ir^lands and 
along the coasts of continents. They are most 
poweriiil near their origin. As they advance the 
spiral increases in size and the fury of the wind 
gradually diminishes, because the amount of moist- 
ure in tbe air is less. The rotary motion varies 



MS. 97 

from 30 to 100 miles an hour. The progressive 
motion of the calm centre b more moderate — 
from 20 to 50 miles an hour. This progressive 
motion is least in the tropics and greatest in the 
temperate regions. 

The wind invariably rotates in tbe same direc- 
tion in each hemisphere ; in tbe northern, it ro- 
tates irom right to lefi, or in the direction oppo- 
site to that of tbe bands of a watch ; in the south* 
em, from kfi to right, or in tbe same direction as 
tbe bonds of a watch. The cause of tbe regu- 




larity of rotation is seen, from an inspection of 
Fig. 89, to be due to tlie rotation of the earth. 
The wind, blowing in from all sides toward the 
heated area, is so deflected by tlie rotary motion 
of the earth as to move in viist circles, from right 
to left in the northern bcmispliero, and from left 
to right in tlie southern. 

The foree of the mind in thenc stomis is trrmrndoiu. 
So furiously dinw tlic viiui lanh tho vhUt that ita tem- 
peratun! i4 often Bctiaibly raised hy the friction. 

The inti'llixeut iiavl^'atoralnays vndi'HVore to avoid tha 
centre of tlie slorm, sinve it Is the moat dangerous part. 
Thia he can do by riMnvDibering tliu directiou of the rota- 
tion of the nriiid in the hemisphere he may be in; for 1J!| 
in the northern heinlspliere, ho atands so that tlie wind 
blowa directly id his face, the calm centre t« on \ii right, 
while in the southern hemisphere if it on hi* Uft ; and la- 
ateud of running with the atorm. hopioK to outaail It, he 
will boldly steer toward its circumference. 

258. Tomadoea and Whirlwinds are the same 
as cyclones, except that they are more limited in 
area. Their violence, however, often exceeds tbat 
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of cyclones. Tornadoes appear to be due to ro- 
tary motion of the air occurring above the earth's 
surface, which results in a rapid sucking up of the 
warmer surface air. 

259. Water-sponts. — When tornadoes or whirl- 
winds occur on the water they cause a waier-spoui, 
A rapid condensation of vapor takes place, both 
from the different temperature of the winds and 
from the rarefaction produced at the centre of the 
revolving mass of air. 

Portions of the clouds are sometimes drawn 
down from above and whirled around in the 
form of an immense funnel-shaped mass ; finally 
the whirl reaches the water, and a column of 
spray is thrown up, which unites with the mass 
above and moves over the surface of the water 
as an immense pillar. Though of formidable ap- 
pearance, water-spouts have never been known 
seriously to damage large vessels. 

Similar phenomena are noticed on the land 
when tornadoes occur. Here, however, only the 
cloud cone is observed. 

260. The North-Easters and other Storms of 
the United States. — The following important facts 
have been discovered in regard to the extended 
storms which occur in the United States: 

(1.) All our great storms are attended by an 
immense whirling of the wind, and are, in fact, 
species of cyclones. 

(2.) The great north-east storms of our eastern 
sea-board usually originate in the west, in an area 
of low barometer, somewhere between Texas and 
Minnesota. In the front and rear of this area 
the barometer b high. 

(3.) The calm centre of the storm, or the area 
of low barometer, usually moves toward the north- 
east. The shape of the calm centre is longer 
from north to south than from east to west. 



(4.) The storms begin by the winds blowing 
toward the area of low barometer. 

(5.) During the prevalence of the storm the 
winds are north-east, east, or south-east ; toward 
the end, north-west, west, and south-west. 

26L Sailing Roates. — A knowledge of the di- 
rections of the winds and ocean currents has ma- 
terially diminished the time required by sailing 
vessels to go from one port to another. Opposing 
winds and currents often render it advisable for the 
vessel to begin its journey in a direction consider- 
ably out of the direct line of the desired port. 

Europe— America.— The Gulf Stream and prevailing 
westerly winds render the passage across the ocean from 
east to west considerably longer than from west to east. 
The general route, in either direction, varies with the 
season of the year. 

New York — San Francisco.- After leaving New 
York the course is considerably to the east, in order to 
clear the South American coast in the region of the trades. 
After doubling Cape Horn the course is westward. The 
zone of the north-east trades is entered about 118° W. 
long. 

America — India — Australia. — In sailing from Amer- 
ica to India or Australia the vessel takes the same route 
as between Eastern America and San Francisco. About 
opposite Bio Janeiro, however, the routes diverge. On 
entering the Indian Ocean the direction is dependent on 
that of the prevailing monsoon. 

Europe — India — Australia.— The vessels either pass 
through the Mediterranean Sea and the Suez Canal, or 
around the Cape of Good Hope. The broad expanse of 
ocean in the southern hemisphere, in the zone of the vari- 
ables, renders the westerly winds very steady. Vessels saU- 
ing from Atlantic ports of America or Europe generally 
find it preferable to go by the eastward route, around the 
Cape of Good Hope, and return by the westward route, 
around Cape Horn, thus circumnavigating the globe. 

California — Japan.— The southerly route, from east to 
west, is aided by the north-east trades and the north equa- 
torial current of the Pacific; the northerly route, from 
west to east, is necessary in order to avoid the trade 
winds. 

The general sailing routes between some of the most 
important ports are traced on the map of the winds. 
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Atmospheric air is composed mainly of a mixture of ni- 
trogen and oxygen, in the proportion, by weight, of about 
77 parts of nitrogen to 2.3 of oxygen in every hundred 
parts. The atmosphere also contains small quantities of 
carbonic acid and the vapor of water. 

The oxygen of the air is necessary to combustion and 
respiration ; the carbonic acid and the vapor of water, to 
plant-life. 

At the level of the sea the atmosphere presses on every 

Qare inch of the earth's surface with a force of about 15 
lids. 



The upper limit of the atmosphere has been variously 
estimated at from 50 to 200 miles above the level of the 
sea. 

A barometer is used for measuring the pressure of the at- 
mosphere ; a thermometer, for measuring its temperature. 

The vertical rays of the sun are warmer than the oblique 
rays — 1. Because they are spread over a smaller area of the 
earth. 2. Because they pass through a thinner stratum of 
air, and consequently lose less of their heat by absorption. 
3. Because they strike the earth more directly, and there- 
fore produce more heat. 
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Gontintial summer is foond in the tropics ; summer and 
winter of nearly equal length in the temperate zones; 
short, hot summers, followed by intensely cold winters, in 
the polar zones. 

The atmosphere is heated — 1. Either by direct absorp- 
tion of the rays while passing through it ; or 2. By con- 
tact with, or by radiation and reflection from, the heated 
earth. 

Isothermal lines connect places whose mean temperature 
is the same. 

The mathematical zones are bounded by the imrallels 
of latitude ; the physical zones, by the isotherms. 

The mathematical and physical zones do not coincide — 
1. Because of the unequal distribution of the land and 
water areas. 2. The irregularities in the surface of the 
land. 3. The distribution of the winds and moisture. 4. 
The ocean currents. 5. The difference in the rainfall. 

The temperature of the air decreases with the altitude 
— 1. Because the air receives most of its heat from the 
earth's surface, so that it must grow continually colder the 
farther we go above the surface. 2. The decreased den- 
sity and humidity of the air prevent it from absorbing 
either the direct rays of the sun or those reflected or ra- 
diated from the earth. 

Places situated near the sea have a more equable, uni- 
form climate than those in the same latitude in the inte- 
rior of the continent. 

Whenever any part of the earth's surface is heated more 
than the neighboring parts, ascending currents occur over 
the heated area, lateral surface currents blow in toward 
the heated area, and upper currents blow from the heated 
area. 

The general system of the atmospheric circulation con- 
sists mainly of the following currents : 1. The polar cur- 
rents, blowing from the poles toward the equator. 2. The 
equatorial currents, blowing from the equator toward the 
poles. 

The direction of these currents is modified by the rota- 
tion of the earth. Thus modified, the equatorial currents 
are south-west in the northern hemisphere, and north- 
west in the southern. The polar currents are north-east 
in the northern hemisphere, and south-east in the south- 
em. 



When a wind at the surface blows in any direction, there 
is generally an upper current blowing in the opposite di- 
rection. 

The equatorial currents do not continue as upper cur- 
rents to the poles — 1. Because they become cooled and fall. 
2. From the contracted space of the higher latitudes when 
compared with that of the equator. 

We distinguish the following wind zones: the zone of 
calms; the zones of the trades; the zones of the calms of 
Cancer and Capricorn ; the zones of the variables ; and the 
zones of the polar winds. 

Land and sea breezes are caused by the unequal heating 
of the land and water during day and night; monsoons, 
by their unequal heating during summer and winter. 

Monsoons occur on the coasts of tropical countries within 
the limits of the trade zones. They are most frequent in 
the Indian Ocean, in the Gulf of Guinea, and in the Mex- 
ican Gulf and neighborhood. 

The Etesian Winds blow over the Mediterranean toward 
the Desert of Sahara. 

The Hot Winds caused by the deserts of Sahara and 
Arabia are the Harmattau, over Guinea; the Solano, over 
Spain ; the Sirocco, over Italy ; the Simoom, over Arabia, 
Nubia, and Persia ; and the Khamsin, over Egypt. 

In most mountainous regions winds blow up the valleys 
toward the mountains during the day, and down the val- 
leys from the mountains during the night. 

Cyclones are caused by the wind blowing in from all 
sides toward an area of low barometer caused by the 
overheating of the area. The centrifugal force thus gen- 
erated increases both the size of the area and the differ- 
ence of pressure as compared with regions surrounding 
it. The fury of the storm is increased by the heat energy 
liberated by the condensation of the vapor in the uprush- 
ing air. 

Storms occur whenever the ordinary equilibrium of the 
atmosphere is violently disturbed by wind, rain, snow, 
hail, or thunder and lightning. 

Nearly all powerful storms are attended with a rotation 
of the wind. Such storms are known under the general 
names of Cyclones, Hurricanes, Typhoons, and Tornadoes. 

The north-easters and other great storms of the United 
States are species of cyclones. 
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Of what use is the atmosphere in the economy of the earth ? 

Define meteorology. 

Describe the construction of a barometer. 

What proof have we that the greater part of the atmo- 
sphere, by weight, lies within a few miles of the earth's 
surface? 

Define hypsometry. 

Describe the construction of a thermometer. 

Why are the vertical rays of the sun warmer than the 
(Clique rays? 

What is the characteristic climate of the tropics? Of 
the temperate regions? Of the polar regions? 

In what different ways does the atmosphere receive its 
heat from the sun ? 

State the boundaries of the mathematical torrid zone. 
Of the physical torrid zone. Of the mathematical and 
physical temperate zones. Of the mathematical and phys- 
ical fHgid zones. 
12 



In what parts of the eastern hemisphere is the greatest 
mean annual temperature found? In what parts of the 
western hemisphere? 

What influence is produced on the climate of high lati- 
tudes by a preponderance of moderately elevated land 
masses? On the climate of the tropics? 

Why should the temperature of the atmosphere decrease 
with the altitude? 

Name all the causes which prevent the mathematical 
climatic zones from coinciding with the physical climatic 
zones. 

What is the origin of winds? 

Name the currents of which the atmospheric circulation 
principally consists. 

Explain the action of the rotation of the earth on the 
direction of the equatorial and polar currents. 

Name the causes which produce the shifting of the equa- 
torial and polar currents. 
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Name the principal wind lones of the earth. 

Explain, In fall, the origin of land and sea breeies. In 
what respect do monsooDB resemble land aod sea breeiet? 

Ntune the principal monsoon regions of the earth. 

Describe the origin of desert winds? 

Name the winds which are CHueed by the desert of Sa- 
haiA. By the deserts of Arabia and Nubia. 

What are BtonnB? 

What are cyclones? Where do tbey originate? In 
what direction does the wind rotat« in the nortbem 



bemlqibere? Inthesonthem hemisphere? In what dt- 
reetloD ioea the storm progress in e«ch hemlipheieT Ex- 
plain the canse of the rotation of the wind. 

What are hurricanes? Typhoons? 

Explain the formation of a watuvapont. 

Is the water Id the upper part of a water-spoat salt or 
fresh? 

Name the important &cl8 which have been discovered 
respecting the aortb-euten and other seTerB storms of the 
United States. 
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In the western heini- 

Show f^m the map of the fsothennal lines wherein 
the physical torrid cane differs In position from the 
mathematical torrid lone. 

In which hemisphere da the isothermal lines deviate 
more from the puwllels of latitude, in the northern or 
the southern? 

Trace on the map of the isothermal lines the limit of 
the Arctic drift ice. Of the Antarctic drift ice. 

What are the mean summer and winter temperatnrea 
of Sitka? Of Quebec? 

What causes exist to render the climate of Sitka so 
much wanner than that of Quebec, notwithstanding the 
difference of their latitudes? 

What are the mean sumDer and winter tempeiatnres of 
Mexico, Madras, Singapore, Berlin, London, Philadelphia, 
Algiers, Melbourne, and Rio Janeiro? 

What instances can you flud on the map of the in- 
crease in the mean annual temperature of places through 



the influence of ocean enrrealsT Of winds? Of tatn- 
fall? 

Kame ■imilar Instances of pUces whose mean annual 
temperature Is lowered by such causes. 

Trace on the map of the winds the boundaries of the 
variotu wind Kones. Blate the direction of the wind In 
each of these zones. 

Point out the limits of the monsoon regions of the 

What hot winds blow over Arabia? Over Egypt? Over 
Greece and Italy? Over Guinea? 

What cold wind blows over Texas? 

Describe the path of the West India hurricanes. How 
&r to the north do these sterms extend? 

Describe the path of the Hauritlns hurricanes. Where 
do these etomu originate? How fkr to the south do they 

Describe the region of the typhoons. 

Describe the route a vessel would take in sailing ttnm 
America to Europe. From New York to San Frandsoa 
From America to Australia. 
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CHAPTER I. 

Precipitation of Moisture. 

262. Evaporation. — From every water surface, 
and even from masses of ice and snow, there is 
constantly arising, at all temperatures, an invisible 
vapor of water. Water vapor is about three-fifths 
as heavy as air. It difi!uses readily through the 
air, and is borne by the winds to all parts of the 
earth. This giving off of vapor from the surface 
of water is called evaporation. It is evaporation 
which dries the wet earth, when the moisture is 
unable either to pass ofi!* the earth's surface by 
drainage, or to soak through the porous strata. 

About one-half, by weight, of the vapor of the atmo- 
•plieie is within a little over a mile above the mean sea 
level. 

263. The Bapidity of Evaporation is influ- 
enced by the following circumstances: 

(1.) The temperaiure of the atmosphere. The 
capacity of the air for absorbing moisture in- 
creases with an increase of temperature. Warm 
air can retain more vapor than cold air. 

(2.) The extent of surface exposed. Evapora- 
tion takes place only from the surface ; therefore, 
the greater the surface, the greater the evapora- 
tion. 

(3.) The quantity of vapor already in the air. 
Dry air absorbs mobture more rapidly than moist 
air. All evaporation ceases when the air is com- 
pletely saturated. 

(4.) The renewal of the air. During very calm 
weather, the air in contact with a water surface 
becomes saturated, and so prevents further evapo- 
ration. Grentle breezes, by renewing the air, in- 
crease the rapidity of evaporation. 

(6.) Pressure on the surface, A diminished 
atmospheric pressure increases the rapidity of 
evaporation. 

264. The Dew Point. — JVhen the air contains 
as much vapor as it is capable of holding, it is 
scdd to be at its dew point. 

The quantity of moisture necessary to saturate a given 
quantity of air and bring it to the dew point, varies with 



the temperature. Cold air requires less moisture to satu- 
rate it than air which is warmer, and, therefore, may fed 
damper than warm air, which may contain more vapor. 
We thus distinguish between the actuak humidity ^ or the 
amount actually present in a given volume of air, and 
the relative humidity ^ or the relation between the amount 
present and that required to saturate the air at the g^ven 
temperature. 

The humidity of the air is determined by means of an 
instrument called a hygrometer. 

Weight in graine of aqueout vapor in one euhie foot of 
SATURATED AIR at different temperatures, {SUliman.) 



Temperature, Fahr. 


Weight in Gralnt. 


Approximate Valuea. 


0° 


0.545 


0.6 


10<» 


0.841 


0.9 


20® 


1.298 


1.3 


30*» 


1.969 


2.0 


iO« 


2.862 


2.9 


50® 


4.069 


4.1 


60® 


5.756 


5.8 


70® 


7.992 


8.0 


80® 


10.949 


11.0 


90® 


14.810 


15.0 


100® 


19.790 


20.0 



No matter how much aqueous vapor a given 
quantity of air contains, if its temperature be 
lowered, it will grow relatively moister until, if the 
fall of teinperature be sufficient, its dew paint is 
reached; and as soon as the temperature falls 
below the dew point, a deposition of moisture 
will begin, either in the liquid or solid state. 

265. Precipitations. — The invisible vapor may 
be precipitated from the atmosphere and become 
visible, either as dew, mist, fog, cloud, rain, sleety 
hail, or snow. These are called precipitations. 

Law of Precipitations. 

In order that any precipitation may occur, the 
air must be cooled below the temperature of its dew 
point, 

266. Distribution of Precipitations. — The quan- 
tity of moisture in the air depends on its tempera- 
ture, and its vicinity to the sea. 

The amount of precipitation regularly decreases 
as we pass from the equator to the poles, and fronh 
the coasts of the continents toward the interior, 

267. Dew. — If, during a warm day, a dry glass 
be filled with cold water, the outside of the glass 
will soon become covered with small drops of 
water, derived entirely from the air. The air 
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which comes in contact with the cool Bidee of the 
gUsB has tic temp&rature lowered belovf the dew 
point, and deposits as vapor the moisture it no 
longer can retain. 

The dew which is deposited during certain sea- 
sons of the year on plants and other objects on 
the earth, has a similar origin. Objects on the 
earth cool more rapidly than the surrounding air, 
which deposits ita moisture on them whenever 
they lower its temperature below the dew point 
When the objects are colder than 32° Fahr., the 
dew is deposited as hoar-froH. 

Dew falls or is deposited more heavily on some 
objects than on others ; this is because some oV 
JBcieradiate or give off their heat more rapidly 
than others, and thus becoming cooler, they eon- 
dense more of the moisture of the air. 

More dew is deposited during a clear night than 
during a cloudy one, because objects cool more rap- 
idly when the sky is clear than when it is cloudy. 

Thick clothing keeps the body warm, not becsase WW 
ctofAfj gite any heat to the body, but becAiue the; are nm- 
amdnetori, aai prevent the escape of heat ftnni the body. 
Id like manaer the clouds, acting u blaukets to the earth, 
prevent Ita losing heat rapidly. 

More (lew falU or ix deposited during a still night 
than during a windy one. 

The air must remain long enough in contact 
with cold objects to enable them to lower its tem- 
perature and collect its moisture. Powerful winds 
prevent this, while gentle breezes favor the depo- 
sition, by bringing fresh masses of air into contact 
with the cold objects. 

In the tropica, during seasons when th« sky is o1e*r, tho 
dew is so copinus that it resembles a gentle rain. 

In the deposition or dew, the moistnre is derived ttma ft 
com para tivel; thin atratom of air In the Inmedlate neigh- 
borhoorl of the cool object. At] other kinds of precipit*- 
tions are produced by the cooling of a larg» huh of air. 

S68. Fogs and Clouds. — Whenever the tem- 
perature of a large mass of air is reduced below 
its dew point, its moisture be^ns to collect in 
minute drops, which diminish the transparency 
of the air, and form fogs or mV'ls, when near the 
surface, and clouds, when in the upper regions of 
the atmosphere. Fogs and clouds are the same in 
their origin and composition, and differ only in 
their elevation. 

The minute drops of water that form clouds 
and fogs, though formed of a substance about 
eight hundred timed heavier than air, are pre- 
vented from settling rapidly by the resistance of 
the air. This is rendered possible by the minute 



die of the drops, which are much smaller than 
the relatively heavier dust- particles, which are 
wafted about by the winds. Whenever the dropa 
exceed a certain size, they fall as rain or snow. 

It was once believed thatthemolstnreinfiigiaDdcIondi 
existed in the form of hallow bubbles or Teeielea, filled 
with air, and that the cloods or fogs ascended, whenever 
the contained air expanded the bnbblea and rendered 
them BpeciSeally lighter. Thia idea la now geDerally 
abandoned. 

Clouds or Jogs result whenever a mass of air is 
cooled below the temperature of its dew point, 
as, for example, when two bodies of air of dif- 
ferent temperatures are mingled, especially iJ^ 
as is generally the case, the warmer of the two 
is the moister. Ou the contrary, clouds or io^ 
disappear on the approach of a dry, warm wind. 
Clouds are higher in the tropics than in the polar 
regions, and generally are higher during the day 
than during the night. 

Off the banks of Newfonndland, the warm, moist air of 
the Oolf Stream li cooled by the cold, moist air of the 
I^biador ocean current. Hence reenlt the dense fogs a> 
frequent over this part of the ocean. 

269. Clasaifloation of Clonda.— Clouds aaeume 
such a variety of shapes, that it is difficult to 
classiiy them. Meteorologists, however, have rt^ 
ognized the existence of four primary forme: the 
cirrus, the cumultu, the tiraiue, and the nimlnu. 




The Cimu Clond consists of fleecy, f^tberj 
masses of condensed vapor, deposited in tha 
higher regions of the atmosphere. The name 
cirrus is derived from the resemblance the cloud 
bears to a lock of hair. These clouds are called 
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by Biiilora caU' iaiU ur marea' taih. From their 
elevation, the moisture is, probably, generally in 
the coiiditioQ of ice-particles. Hulos, or circular 
bands of light around the sun, are caused by light 
pacing through cirrus clouds. 

The Cnmnliu, or Heap Cloud, is a denser cloud 
thiin the cirrus, arul is formed in the lower re- 
gions of the air, wliere the quantity of vapor is 
greater. Cumulus clouds generally consist of 
rounded masses, in the abape of irregular heapa, 
with moderately fiat bases. They are caused by 
ascending currents of air, which have their moist- 
ure condensed by the cold produced by expan- 
sion and elevation. Cumulus clouds occur dur- 
ing the hottest part of tlie day. Their height 
seldom exceeds two miles. 




The BimboB, or Stonn Cloud, is any cloud from 
which rain falls. Any of the various forms of 
clouds may collect and form a nimbus cloud. 
The nimbus is not considered as a distinct form 
of cloud by some meteonilogists. 

The Stratus, or Layer Clouds, form in long, 
horizontal sheets or bands. These clouds are 
most common in the early morning and evening, 
when the ascending currenfa are weak. They 
are caused by the gradual settling of cumulus 
and other clouds. The stratus is the Inwei-t form 
of cloud ; it sometimes falls to the surface of the 
earth, and becomes a fog. 

The cirrus, stratus, and cumulus clouds assume 
a variety of shapes, producing various secondary 
forms. 

270. Secondary Forms of Clouds.— The eirro- 
itratut, the cirro-cumulus, and the cumulo-tlratut 



are the most prominent secondary forma of 
clouds. The first two are modifications of tlu 
cirrus cloud j the latter, of the cumulus. 




The Cirro-Cumnliu is a cirrus cloud, arranged 
in little rounded masses, shaped something like 
cumuli. They are sometimes called " wool sacks," 
and indicate dry weather. 

The Clrro-Stratoa is a cirrus cloud which has 
settled in bands or layers. The bands are not 
continuous, but are arranged in blotches or bars, 
and often give to the sky the speckled appear- 
ance of a mackerel's back, producing the so-called 
vmckerel nky. 

Tho appearance of a mackerfl sky indicatea— 1. Th&t 
tbe iQoialaro of Iho vpper ilrata of air i* cmdenaivg; -i. 
That it iii BroB'iiiE denso enoujili to arraiiE" itself in 
layers. Thtn'forf, a macki^rul sky gentrall}' inilicates 
appronchiiig rain. 

The Cumalo-StratTiB is the form produced by 
the heaping together of a nioun tain- like mass of 
cumulus clouds ; the base partakes of the nature 
of the stratu? cloud, hut the top clearly resemblea 
cumuli. These clouds differ but little from the 
nimbus, or storm cloud. 

27L Rain. — When, during the formation of a 
cloud, tbe condimsation of moisture continues, the 
drops of which the cloud is composed increase 
in size, and, uniting, fall to the earth as rain. 
Rain which freezes while falling forms deet. Aa 
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the drops fall through the cloud they grow larger 
by the addition of other drops which unite with 
them. Raindrops, therefore, are larger when the 
clouds are thicker. They are, in general, larger 
in the tropics than in the polar regions, and dur- 
ing the day than at night. 

To produce rain, it is necessary that the tem- 
perature of a large mass of air be reduced con- 
siderably below its dew point. There are several 
ways in which this cooling may be effected : 

(1.) By a change of latitude. A warm, moist- 
ure-laden wind may blow into a cold region. The 
equatorial currents of air deposit their moisture 
in the temperate and polar zones on account of 
the chilling experienced as they recede from the 
equator. 

(2.) By a change of altitude. By an ascending 
current of air, which carries the moisture of the 
lower strata into the upper regions, where the 
cold there existing, together with that produced 
by the rapid expansion of both air and vapor 
under the diminished pressure, condenses the moist- 
ure of the air. It is mainly in this manner that 
the rains of the tropical regions are caused. 

The rain in mountainous districts has a similar 
cause. A moist wind, reaching a mountain-range, 
is forced by the wind back of it to ascend the 
dopes. Contact with the cold, upper slopes causes 
condensation of the vapor as rain. 

(3.) The mingling of masses of cold and ioarm 
air. By this means heavy clouds and a moderate 
rainfall may be produced ; but the precipitation 
can never be considerable, because the cooler air 
will be warmed by the mixing, and, therefore, 
will have its capacity for moisture increased in- 
stead of diminished. 

272. Distribution of the Eainfall.— The dis- 
tribution of rain may be considered both as re- 
gards its periodieity and its quantity. The distri- 
bution of the rain is dependent upon the direction 
of the winds. Each wind zone has a character- 
istic rainfall. 

The following simple principles determine the 
rainfall in any particular wind zone: 

(1.) The equaiorial currents are rain-hearing ^ 
because they are moist, and while on their way 
to the poles, their temperature and consequent 
capacity for moisture, is constantly decreasing. 

(2.) The polar currents are dry, because they 
are constantly increasing in temperature as they 
approach the equator ; hence they take in, rather 
than give out, moisture. 



When they have reached the zones of the trade winds, 
the polar currents may bring abundant rains, provided 
thoy have previously crossed an ocean. They then dis- 
charge the moisture with which they are saturated, either 
by an ascending current, or by blowing against the ele- 
vations of the continent. 

273. Periodical Eain Zones. 

The Zone of Calms. — In the zone of calms it 
rains nearly every day. In the early morning 
the sky is cloudless ; but near the middle of the 
day, as the heat increases, the ascending currents, 
rising higher, begin to condense their moisture ; 
cumuli clouds form, and, increasing rapidly, soon 
cover the sky, when torrents of rain descend, ac- 
companied by thunder and lightning. After a 
few hours the rain ceases, and the sky again be- 
comes clear. In this zone it seldom rains at 
night. 

274. The Zone of the Trades.— Since the trades 
are generally dry winds, it is only when their tem- 
perature is considerably decreased that they can 
cause rain. In the zone of the trades, except in 
mountainous districts and on the windward coasts 
of a continent, the rainfall occurs during the 
greatest heat of the season, when the sun is di- 
rectly overhead and the ascending currents are 
powerful. Hence, it rains during a few months 
in summer, when immense quantities of water 
&11 ; the remainder of the year is dry. Copious 
dews, however, occur at night. 

The precipitation is not continuous throughout the en- 
tire summer. Since the rain only falls when the sun is 
nearly overhead, a brief interval of dry weather occurs 
in regions near the equator, thus dividing the season into 
two parts: one, during the passage of the sun over the 
zenith; the other, on his return to the zenith from the 
adjacent tropic. Near the limits of the zone, however, the 
two seasons are merged into one. 

Over the ocean, during most of the year, there 
is no rain in the zone of the trades, although the 
actual humidity of the air is quite high. 

Between latitude 24® and 30°, in both the Northern and 
Southern Hemispheres, there are regions of comparatively 
scanty rains. Here the summers are not hot enough to 
cause rain by the ascending currents, but are suiBciently 
hot to prevent the equatorial current from bringing much 
rain. Here also the return branch of the equatorial cur- 
rent becomes drier on its return to the equator. 

275. The Monsoon Besrlon of the Indian Ocean.-^ 

During the prevalence of the winter monsoon, the north- 
east winds bathe the eastern shores of Hindostan in copious 
rains, while the western shores, shielded by the ranges of 
the Ghauts, are dry. During the summer monsoon, the 
south-west winds bathe the western shores and the south- 
ern slopes of the Himalayas in heavy rains, while the 
eastern shores are dry. This monsoon also brings rains to 
the western coasts of the peninsula of Indo-China. 
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276. Von-Periodical Eain Zones. 

The Zones of the Variable Winds. — In these 
zones rain may occur at any season of the year, 
and at any hour of the day or night. Here it 
is the equatorial currents which bring the rain. 
These region^ are sometimes called the zones of 
perennial rains, or of constant precipitation. In 
the greater part of these zones, the equatorial 
currents are more frequent in summer than in 
winter. The rainfall is, therefore, greatest dur- 
ing summer. 

Bainfall in the Zone of the Polar Winds. — In 
these zones the winters are dry, because the dry, 
cold polar currents then prevail ; but during the 
summer the equatorial currents sometimes pre- 
vail, and bring with them dense clouds and fogs, 
accompanied by drizzling rains. The snows occur 
mainly in spring and autumn. 

277. Quantity of Eain. — The quantity of rain 
which falls in a given time on any area is deter- 
mined by means of an instrument called the rain* 
gauge or pluviometer. 

The rain-gauge is generally constructed in the form of 
ft cylindrical vessel with a horizontal base, surmounted 
by a funnel-shaped top. A vertical glass tube communi- 
cates with the bottom of the vessel from the outside, 
and allows the water to mount in it to the same height 
as that in the inside. The rain-gauge is placed in an ex- 
posed position, where it is free from eddies or whirls. 
If, during any given time, the water in the instrument 
is one inch deep, then during that time the rainfall over 
the area equals one inch. In speaking of the rainfall of 
a country, the moisture which may fall as snow is always 
included. 

An inch of rain over a surface a square yard 
in area equals in weight 46} pounds : on the sur- 
face of an acre, it is nearly equal in weight to 
100 tons. 

The annual rainfall is distributed, as regards 
quantity, as follows : 

Irrespective of the elevations of the surface, 
more rain falls in the tropics than in the temperate 
regions, and more in the temperate than in the 
polar regions. The quantity thus decreases with 
-noderate regularity from the equator toward the 



poles. This is caused by a similar decrease in the 
quantities of heat and evaporation. 

While the amount of rain that falls decreases from the 
equator to the poles, the number of cloudy or rainy days 
increases, being greater at the poles than at the equator. 

More rain falls on the coasts of a continent than 
in the interior, since near the ocean the winds are 
moister. That coast of a continent which first 
receives the prevailing wind has the greatest 
rainfall. 

More rainfalls in the Northern Hemisphere than 
in the Southern. This is due to the greater extent 
of the land-area of the Northern Hemisphere. 

Mountains receive a heavier rainfall than the 
plains below, because the moist winds, in order 
to cross the mountains, are forced to ascend their 
slopes and thus pass into a colder region of the 
atmosphere. Therefore, the sources of rivers are 
generally found in mountainous districts. Moun- 
tains are among the most important causes of rain. 

When the mountains are high, the winds may 
reach the opposite slopes dry and vaporless. The 
tropical Andes of South America afford an excel- 
lent example of this. 

Plateaus, though higher than plains, receive, as 
a rule, less rain, because they are generally sur- 
rounded by mountain chains, which rob the winds 
of their moisture. Moreover, the air over a pla- 
teau is warmer than at a corresponding height in 
the atmosphere, and therefore dissolves, rather 
than condenses, the moisture. 

The rainfall of the New World, both in the 
tropical and temperate regions, is greater than 
that of the Old; thus, in the tropics of the New 
World, 115 inches of rain fall yearly, while the 
same portions of the Old World receive but 77 
inches. In the temperate zones in America the 
annual rainfall is 39 inches, while in Europe it 
is but 34 inches. 

The mean annual rainfall at Philadelphia, according to 
Prof. Kirkpatrick, is 46.93 inches. The figures are based 
on observations during 16 consecutive years. 

The preceding principles find ample illustration in the 
following tables : 



Table of Annual Rainfall (H. K. Johnston). 
Rainfall in the Tropics. 



OLD WORLD. 

InchetB. 

Oeylon 91.7 

Hindoatan, mean of the Peninsula 117.5 

Sierra Leone, Guinea 189.6 

Macao, China. 68.3 

Ganton 69.2 



NEW WORLD. 

Inches. 

San Luis de MaranhHo, Brazil 280.00 

Cayenne, Guiana 116.27 

Paramaribo, Guiana ......229.20 

Grenada, I^esser Antilles 103.41 

Havana, Cuba 90.66 
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278. Bainlew DiitrioU.— In some parte of tbe 
world, rain is either entirely ab§ent, or falls only 
in limited quantities, at long intervab. The moet 
extensive rainless districts are found in the east- 
ern continent. 

Desert Belt of the Sartem Contiaent — From 
the western shores of Northern Africa eastward 
to the Great Kinghan Mountains in Afia, extends 
an almost uninterrupted belt of desert lands. It 
includes the great desert of the Sahara, the Ara- 
bian and Persian DeaerU, and the Deeert of Mon- 
golia. Tbe aridity is most absolute in the west, 
where, in the Sahara and in the desert of Arabia, 
rain seldom, if ever, foils. Toward the east, in 
Persia and Mongolia, scanty rains occur, but the 
country has the appearance of a desert. 

The cause of this immense desert tract is to be 
found in the dry trade winds, which blow over 
moet of the region. Having previously crossed 
the vast continent of Asia as upper currents, they 
arrive at the deserts dry and vaporless. Even 
that portion of the region which receives the 
winds from the Mediterranean has no rainfall, 
because any clouds that may form, are soon dis- 
Npated by the hot air of the deeerL 

Persia and Mongolia owe their deserts to their 



high mountain borders, which rob the clouds of 
their moisture before they cross the interior pla- 
teaus. The high system of the Himalayas efiect- 
ually prevents any of the moisture of the south- 
west currents from penetrating the plateau of 
Mongolia. 



Desert Belt of the Western Contment— Tbe 
desert lands of the Western Continent are more 
contracted in area. In NorUi Ameriea, the lai^iest 
desert is in the Great Interior Plateau. Here the 
mountain borders, especially the Sierra Nevada 
on the west, deprive the interior of rain. The 
aridity is not absolute, since scanty rains occur 
over parts of the region. Portions of the penio 
sula of California and of the Mexican Plateau 
also resemble deserts. 

In South America, on the western slopes of the 
Andes, between the parallels of 27" and 23° S., 
is found the desert of Atacama. Here rwn never 
falls, although the ground is occasionally ref^reehed 
by mists and dews. The cause of the absence of 
rain is to be traced to the high Andes, which con- 
dense all the moisture of the trades on their east- 
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em alopefl, the winds thus arriviog dry and va* 
porlesB at the weeteni. 

Caue of Deurti. — Deaertu are caiued entireb/ 
by the abeenee ofmoitture. Their soil, though gen- 
erally finely pulverized, or sand-like, does not dif- 
fer, save in the abeenee of vegetable mould, from 
that of other areas. Thus neither the nature of 
its temperature, nor its soil, is the cause of the 
desert of Sahara, since a vigorous vegetation al- 
ways follows the appearance of water, on the suc- 
cessful boring of an artesitin well. It is probably 
true that deserts, once formed, tend to perpetuate 
themselves, by the influence their naked surfaces 
exert on the raintall. 



CHAPTER II. 

Hail, Sno'w, and Glaciers. 

279. Hail ialls when considerable difierences 
of temperature exist between higher and lower 
Btrata of air, and the moisture is suddenly con- 
densed in the presence of great cold. Generally, 
several layers or bands of dark, grayish clouds 
are seen. Hail falb most frequently in summer, 
near the close of an excessively warm day. 

8tmotur» of ttae Hailstone.— If & targe hailstone be 
placed on a hot sarface nntjt one-half is melt«d, the itnift- 
tan on be readily examined. Concentric lajera, Bimilat 
to IbMe of an onion, will be noticed, arranged around a 
central nadeus, sometimes of ice and sometimes of snow, 
thoDgb generallj the latter. The etoiiea are more or less 
oblatel; ipberoidal in shape. Tbeir general weight Taries 
ftom a fbw grains to several ounces, bat they have been 
known to weigh several poanda. 




Fig. M. Stnictnre of a flsilitons, 

Origin of HaiL— The cause of hail is not ex- 
actly understood, and several theories have been 
framed to account for it. One of these is the 
Rotary Theory. 

Tbe wind is supposed to rotate as In a cyclone, only the 
axis of the whirl is horizontal instead of vertical. Two 
horiiontal layers of clond eiiat— the upper layer of snow, 
the lower, of rain. The snnwflHkea, which form tlie nu- 
clei of the hailstones, are caught in the whirl, and dipped 
IS 



In rapid snccession into the two clouds, thus receiving al- 
ternate coatings of ice and snow, until at laat they an 
bnrled to tbe ground. 




Fig. B6, Eotary Theory of Hill. 

Thunder and lightning are the invariahie attendants of 
hailstonus, and some authorities have attributed the for- 
mation of the stones to successive electrical stiiartlons 
and repulsions of tbe snowflakes between a snow and a 
tain cloud. Others have imagined a number of alternate 
layers of snow and rain, and have attrihnled the hail- 
stones te drops of tain failing through the successive 
clouds. 

280. Snow. — When the rooiiiture of the air is 
condensed at any temperature below 32° Fahr., 
the vapor crystallizes, and snowfiakes are formed. 

The snowflakes grow, as they fall, by condensing addi- 
tional moisture from tbe air. They are larger in mild 
than in cold weather. 

Snow-crystals assume qnite a variety of forms, but ara 
built up hy various gronpings of minute thombahedrona 
of ice. The star-shape is the most common. 



#SYi*^ 



Fig. 96. Snow-Orjitsli. 

If ti)e temperature of the air near the surface 
is much warmer than 32° Falir., any snow that 
is fornietl In the upjwr regions will mtlt Itefore 
reaching the ground. Hence, in the temperate 
zones, as a rule, snow fulls only in winter, while 
in the tropics it never fells, except near the sum- 
mits of lofty mountains. 
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tildes there is comparativelj little moisture in the air. 
The fall is heaviest in the cool temperate regions. 

28L Snow Line. — The snow which falls on 
mountains is slowly pressed down the slopes by 
the weight of the snow above. The distance it 
will move down the mountain before melting de- 
pends on a number of circumstances. The lower 
limit of the line, above which the ground remains 
covered with snow throughout the year, is called 
the snow line. 

The height of the snow line depends — 

(1.) On the amoutit of the snowfall. The greater 
the fail, the farther down the mountain the snow 
will move before melting. 

(2.) On the temperature of the valley. The 
warmer the valley the higher the snow line. 
The snow line is, therefore, highest in the trop- 
ical regions, and lowest near the poles. 

(3.) On the inclination of the mountain slope. 
The steeper the slope, the more rapidly the snow 
will move down the mountain, and the farther it 
will go before melting, therefore, the lower the 
snow line. 

According to Gnyot, the snow line, subject to variations, 
is about three miles above the sea in the tropics; rather 
less than two miles in the temperate latitudes ; and less 
than a mile near the northern extremities of the conti- 
nents; while still farther north, on the pedlar islands, the 
snow line is but a few hundred feet above the sea. Over 
the polar oceans, the winter snows are but partially melted, 
and help to produce the huge ice-fioes of these regions. 

SNOW LINB. 

i^trop«.— Norway, lat. 70° N 3,400 feet. 

" •* 60° N 5,500 " 

" Alps, lat. 46° N. (south side) 9,200 " 

" " " (north side) 8,800 " 

^«a.— Altai Mountains, lat. 50° N 7,000 " 

" Himalayas, lat. 31° N 17,000 " 

^/rica.— Kilimandjaro, lat. 3° 8 16,000 " 

North America. — Rocky Mountains, lat. 

43° N 12,467 " 

South ^mmca.— Andes, Ecuador, lat. 1° S. 15,vS00 " 

" " " lat. 54° S 3,700 " 

The snow line is generally lower in a moist atmosphere 
than in dry air, because of the greater fall of snow in the 
former case than in the latter. As a rule, that slope of a 
range which is exposed to the prevalent wind has a lower snow 
Hue than the opposite slope. The position the slope occupies 
in relation to the vertical rays of the sun, aUo exerts an 
influence on the height of the snow line. 

282 Olaciers are immense masses of ice and 
snow, which move almost imperceptibly down the 
higher mountain valleys or slopes. Their upper 
parts are formed of soft snow ; their lower por- 
tions of clear, hard ice. Their origin is as fol- 
lows : The weight of the huge snow fields, which 



form above the snow line, presses the mass slowly 
down the slopes. The pressure, due to the weight 
of the layers, but especially the pressure which is 
produced when the mass is forced through a con- 
traction in the valley, squeezes out the confined 
air, to which snow, in great part, owes its white 
color, and the lower part of the glacier thus be- 
comes changed into a compact mass of pure ica 
The alternate thawing and freezing to which the 
mass is subjected below the snow line, also con- 
tribute to the change from snow to ice. 

The change is most thorough in the lower parts of the 
glacier, where the ice is marvellously clear. Its color, 
when seen in great depths, is of a deep aznre bine ; in the 
middle portions of the glacier the ice is coarse and white. 
The higher region of but partially changed snow is called 
the niv6 region. Here the snow occurs in coarse white 
g^ins. The process of formation is a continuous one. 
The n€Y€ region is supplied by fresh falls of snow, which 
replace those pressed down the slopes. 

283. Drainage of Snow and Ice. — Glaciers 
closely resemble rivers, since they receive the 
drainage of their basins through the solid mate- 
rial which flows into them; their motion, how- 
ever, is much slower. Like rivers, they have 
their tributaries, and their peculiarities of flow 
and velocity. 

Several glaciers often unite and flow on as one 
mass ; but their solid condition prevents the in- 
termingling which occurs in rivers, and the sepa- 
rate streams can generally be distinctly traced 
throughout the remainder of their course. Like 
rivers, the top and middle portions move more 
rapidly than the sides or bottom, owing to the 
diminished friction. 

284. Peculiarities of Olaciers. — ^The surface 
of the glacier is often comparatively smooth ; but 
when irregularities occur, either in the direction 
of the valley, or in the slope of its bed, the glacier 
is broken into deep fissures, called crevasses. These 
are most numerous on the sides, from which they 
extend either obliquely up the stream, or directly 
across, in deep transverse fissures. The former 
are generally due to a bend in the valley, one 
side being compressed and the other extended; 
the latter, to steep and abrupt descents in the bed. 
Crevasses are, therefore^ rapids in the ice stream. 

Crevasses vary in breadth from mere crevices, that a 
knife-blade can scarcely penetrate, to yawning chasms 
over 100 feet in width. The depth of the wider crevasses 
is generally profound. Their vertical walls afford a con- 
venient opportunity for studying many peculiarities of 
formation. Ix)oking down the walls of the crevasses, the 
ice appears of a deep azure blue. The surface ioe is a dirtj 
white. 
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The crevHMa g»diuillr disappekr below the eanse of 
dlitarbance, the ftw:taT«t n^ioining by * proeera called 
ngiUHtm. BegeUtion is the property which rrogmeDtB of 
mobl ioe haveof becoming flrmly Mmented together, whea 
tiieir sarfkoes are bronght into contact under pnaeure. 

The water derived from the melting of the Ice 
iflBues fh)n] a caveruouB arch at the end of the 
glacier. The Yolume of the isBuing stream, which 
JB often considerable, is dependent on the temperor 
ture, being greater during the warm months of 
the year. Many rivers have their origin in these 
glacier etreams; as, the Rhone and the Rhine, in 
Europe, and the Ganges, in Asia. 

The distance the glacier extends below the snow 
line depends on the mass and velocity of the ice, 
and the rapidity with which it is melted. When 
the winter snows are light, and the following sum- 
mer unusually warm, the end of the glacier re- 
treats up the mountain. On the contrary, heavy 
snowfalls in winter, followed by a cool summer, 
permit the end of the glacier to advance far into 
the valley below. 

285. Traniporting Power of Olaoien. — All 
along the borders of the valleys, stones and dirt 
roll down the declivities, and, accumulating on 
the surface of the moving mass, are carried with 
it to a lower level. These accumulatiaoa of dirt 
and Stones are called moraines; they are most 
sharply marked at the sides of the glaciers, where 
they are called lateral moraines. Where two gla- 
ciers flow into one common valley a moraine called 
the medinl moraine marks the junction of their 
meeting edges. At the end of the glacier, a ter- 
minal moraine extends in a wide curve across the 
valley. Medial moraines are sometimes over a 
hundred feet in height. Terminal moraines some- 
Umes attain the height of several hundred feet. 

The miiwinn of aMne tmnsported by glaciers are ofI«n of 
great lize. Some have been foand 100 feet long. 60 feet 
wJde, uid 40 feet high. 

286. Eronon. — Such immense masses of ice 
must deepen considerably the valleys through 
which they move. When they have deserted 
their former valleys, evidences of their previous 
existence are to be found in the long lines of 
nnstratified rocks and mud left by their moraines 
and boulders, and especially in the deep grooves, 
or scratches, cut in the bottom or sides of the 
valleys by rocks imbedded in the moving ice 
mass. These scratches are parallel, and show 
the direction of the motion. 



■ediment U exceedingly fertile, and, spread ont by the 
rivers on the flood-gronnda, becomes a aoaree of sgricnl- 
tnral wealth. 

Tiords and Glacial Lakes. — Valleys cut by 
glaciers are characterized by parallel sides. Gla* 
dal valleys, when fornied on mountains that slope 
down to the ocean, if the region is subjected to 
subsequent depression and the valleys partially 
Bubroei^ed, are penetrated by the sea, and form 
arms of the sea extending far into the mountains. 
Such valleys are called fiords. 

The following are the most important fiord 
regions : 

(1.) On the coasts of Norway. 

(2.) On the western coasts of the Dominion of 
Canada and Alaska. 

(3.) On the coasts of Greenland, where the 
valleys are still covered with ice masses. 

The numerous lakes of glacial regions owe their 
ori^n either to the erosion of softer rocks, or to 
the damming up of rivers by the terminal mo- 
runes left by ft retreating glacier. y 

287. Oeographical Diitribntioa of GUcien. — 
The beet known glacial system in the world is 
found In Europe, in the region of the Central 
Alps. Here no less than 1100 glaciers are found, 
one hundred of which are of large size. 

One of the best known of the Earopean glaelera ia that 
of the Iter de Glace (Sea of lee). It descends from tbe 
slopes of the nnge of Hont Blanc, and Is formed by the 
confluence of three large glaciers: the Glacier d* Oicmt, Iht 
(XaeitT dt Ltcluad, and tht Olaeitr d» Talifra, 
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In the Arctic zone glaciers are particularly 
numerous &□<! extensive. Here they generally 
reach down into the sea. They are found in the 
islands of the Arctic Archipelago, in Greenland, 
Iceland, Jan Mayen, and Spitzbergen. 

The Hamboldt Glacier, in Greoiilttiid, is BiitJ-nlne mil(« 
bnmd at its lower extremity in tbe sea. In all the Arctic 
glkcien, the nivi region is more extended than in thooa 
of more soatbern latitudes. The tenDinal moniidee are 
foand at tbe bottom of tbe sea, neat tbe foot of tbe 
glacier. 

In the lofty menu tain -ran gee of the Himalayas and in 
the Karakornm, ocfuf other less kuown, though exten- 
■ive, Tegiona of glaciers. 

288. Icebei^a. — When the glacier extends into 
the sea, the base is undermined by the warmer 
waters of the ocean, and great fragments are 
broken ofi* by the waves, forming floating moun- 
tains of ice, called icebergs. Icebergs are particu- 
larly numerous in the North Atlantic, into which 
they descend from the extensive Arctic glacial 
region already described. 

c drift ice ara 




Fig, 98. Inbngi. 

The icefioe» of the polar seas have their origin 
in the snow which falls into the cold water, re- 
maining partially dissolved and subsequently 
freezing, thus adding to the thickness of the ice 
formed. 



2B8. Tbe Oloclal Bpooh of tlie E^rtb.— Toward the 
close of the Hammftlian Age, a change occurred in the ell- 
mate of tbe eartb, and extensive glaciers covered moat of 
the Dorthem cantinents, reaching, in many inatancea, tax 
toiranl the south. In the United States, their aouthem 
limit appears to have been at about lat.39° N., in Santhera 
Pennsylvania, Ohio, Indiana, Illinois, and Iowa. In En- 
rope, they extended as far SoDth as tbe 50° 14. lat. In 
South America, they probably extended aa far toward th« 
equator as 41° S. lat. 

The evidences of the existence of aucieat glociets ai» i 
found in the presence of accnmnlatloDS of nustratifled 
material, called thedn/l; in tbe presenceof old monuueii; 
in glacial scratches and grooves on rocky slopes; in eroded 
volleys 1 and in the presence of numerous large twaldera, 
which are found at great distances traax their places of 
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CHAPTER III. 

Electrical and Optical Phenomena. 

290. ITature of Electricity. — Electricity is now 
generally believed to be due to a peculiar wave 
motion in the luniiniferous ether, the medium 
which transmits the waves of light and heat. 

When a body is electrified it acquires a certain 
power of doing work, called ekdric potential. 
Electric potential is measured in units called 
voltg. The path through which an electric dis- 
char^ passes is called the drcuU. All circuits 
offer a measurable resistance to the passage of an 
electric discharge. Electric resistance is meas- 
ured in units called ohms. 

The rate at which electricity passes through a 
circuit is called the current, and is measured in 
units called ampbres. An ampere is the current 
which would pass in a circuit whose resistance is 
one ohm, under a potential of one volt. 

ThoUKh electricity is probably not a fluid, yet it resem- 
bles a fluid in many respects, and tbe unils already re- 
ferred to are, to a certain extent, based on this resem- 
blance. The quantity of liquid that Bows throngfa • pipe 
in a (liven time depends on the pressure on the liquid, and 
the resistance offered by the pipe. The qnantity-per^eo- 
ond rorreflpnnds to the amperes ; the pressnre which cansM 
tbe flow, tu tbe volts ; and the resistance which limits the 
flow, to the ohms. 

Electricity may be produced in bodies by a 
Tftriety of causes : such as Jrwtion, heat, ehemieal 
action, magneiii'm, and ammal or vegetable life. 

There are two distinct forms of electric*! excitement: 
the poiilire and the nrjiaHre. A body with a high potential 
i9 generally assumed to be positively charged; one with a 
low potential, negatively charged. The cnrrent is assumed 
to flow from the higher to the lower potential, or fh»m tbs 
positive to the negative. Bodies charged with electricity 
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of tbe lune kind, repel one uiotlier ; if charged with dif- 
fereut klndi, tbey attnct, and if the l>odiea are free to 
move, they approach, when the opposite eicitementa neu- 
tialiie each other. In case the electrical excitement ia 
coDBiderable, the nnioo is Bccompaoied b; a sharp crack, 
and a flasb of light, called the tledrie ipart. 

891. Condnotora of electricity are bodies which 
allow its ready pass^e through them. Metals, 
charcoal, acids, aqueous solutions, and various 
animal and vegetable substances, are good con* 
ductors. Non-emidwiorg are those which do not 
allow the electricity to flow freely through them. 
Gums, resins, glass, silk, and dry air are non-con- 
ductors. 

The higher the conducting power of a circuit the lower 
will be ila resistance, and, conseqaeDtly, the greater tba 
cnrrent which will be sent through it \>j a given poten- 
tial. 

292. Atmoipherio Electrioitj. — Electric excite- 
ment is always present in the atmosphere. The 
electricity of the air is generally positive, although 
it often clianges rapidly to negative on the ap- 
proach of clouds or fogs. It is feeblest within a 
few feet of the surface, and increases with the 
elevation above the general surface uf the earth. 

Origrln of Fr«« Atmospheric SU«ctiiclty.— The elec- 
tricity of the atmosphere Is cansed by a variety of circum- 
■taneea, tbe chief of which are evaporation and candensa- 
tion; nneqnal heating of tbe earth by the sun's rays; 
oombnstioD; animal and vegetable life; ani) tbe friction 
of winds against G«ch other ot against tbe earth's snr- 
bce. 

293. Lightning occurs when the electricity of 
a cloud discharges to the earth or to a neighbor- 
ing cloud. The discharge is attended by a vivid 
spark, called lightning. Tbe destructive efiects 
of lightning are due to the discharge between the 
douda and the earth. 

Thtuder. — The heat of the spark vaporizes the 
run-drope, and enurmou^ly expands the air, pro- 
ducing, on their subsequent cooling, a partial 
vacuum, which is further increased by the mo- 
mentary pushing aside of the air by the dischai^. 
The surrounding air rushing violently into this 
vacuum produces the sound called thunder. 

The potential of the ligfatning Bash is enormously hifther 
than that produced by artificial meanx. and must be equal 
to many millions of volts. This high potential is dne to 
tbe enormous decrease in tbe surface of a single rain-drop 
fMm the thousands of smaller drops which have coalesced 
to (6rm It. 

SM. Varl«tlBB of Us'litnlns— There are Ave varieties 
of lightning: tij-tag or cAain, liieet, heat, gtolmlaT, and vol- 
esflu lightning. 

Zlr-BBf Lightning' probably owes its forked shape to 
w which the air offers to ita passage through 



it. The air-particles, being crowded tofcetber in the path 
of the spark, the lightnlDg darts to one side, where tbe air 
Is leas dense. 

Sheet LlghtnlDE generally accompanies thnnder- 
■torms, and appears as an expanded flash, which illa- 
mlnes the clouds. 

Heat Liffhtning', or linUiiNp vilkiHf thunder, Is gener- 
ally Been near the horizon, during hot weather. It is 
probably caused by the reflection of ligbtuiug from a 
storm below the horizon. 

Globular Llg-htniiiK. Un rare occasions, the lightning 
appears in tbe form of a globe of liglit, which remaioa 
stationary in tbe air or moves slowly throagb it. Its 
cause is unknown. 

Volcanic LlffbtnlnS' During the eruption of volca> 



29fi. Lightning Rods, invented by Franklin, 
protect the buildings on which they are placed, by 
quietly discharging tlie electricity from the over- 
hanging cloud. They generally effect this by ao 
opposite electricity passing from the earth up the 
rod, and neutralizing that of the cloud. L'nleae 
the rods are placed in good metallic connection 
with the earth, and with all conductors near 
them, they are sources of danger rather than of 
protection. 

296. 8t Elmo's Fire. — When the atmosphere 
is highly charged with electricity, faint tongues 
of fire are often seen on the ends of bodies in 




Fig. 89. Bt. Elrno'i Firs, 

connection with the earth, like the masts of ships, 
steeples, etc. due to an electric discharge, known 
as the brmh-di'vharije. They are called St. Elmo's 
Are, and arc harmless. 
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297. The Aurora Borealii, or northern light, 
IB a phenomenon of marTellous beauty, occurring 
in the sky of higli latitudea in botli the nortlieni 
and southern liemispherea. It appears in a va- 
riety of forms ; at times huge pillars of fire idovq, 
rapidly across the heavens, or the entire nortliern 
sky is lighted aa by a drifting etorm of luminous 
SDOW. The comnmncat appearance, however, is 
that of an arch of fire, from which etreamers 
flash toward the zenith. 

Auroras are most frequent in high latitudes, 
though not in the immediate vicinity of the 
poles. 

Auroras are caused by tbe passage of elertricity throngh 
the rare nir of (be upper regions. The proofli are as fol- 
lows; Daring the continUHDce of an aurora, thn Iclpgraph 
wires show the preiience of an unusual electrical disturb- 
ance, and tbe magnetic needle 1h subject to frequent oscil- 
lations: moreover, tbe Mme pheuonieua can he produced 
by thv passage of an electrical current tbroueh nirctlvd 
tatnes. M in Ihu Goittaler tube* — different colore arising 
from its passage through diffeieut gases. 




Fig, 100, Anro 



298. Hagnetism. — The recent researches of 
Herz leave llllle doubt that electro- magnetic phe- 
nomeuu are due to a wave motion in the lumi- 
nitcrous ether. 

Hagnets are bodies which have the power of 
attracting particles of iron or the opiwsite polea 
of other magnets. 

All magnets possess an atmosphere of influence 
Burrounding them, called the magnetic Jifld. The 
magnetic field is traversed by fineii of force, which 
come out of the magnet at one point and enter it 
at another, thua ibrming a maffiielU circuU. The 



points where the lines come out are called polea; 
the former being the positive or north pole, and 
the latter the negative or wyiUh pole. 

Magnets are either j alural or artijieial. Nat- 
ural magnets are found in lodeetone, a species of 
iron ore composed of oxygen and iron. Pieces 
of hardened iron or steel may be magnetized, by 
rubbing them with a lodestone, or by passing 
electrical currents around them, thus forming 
what are called eledro-magnelt. All magnetiz- 
able substances become magnetized when they 
are brought into a magnetic field. 

If a magnetized bar or needle be suspended at 
its centre of gravity so as to move freely in a 
horizontal plane, after a few osciliations it will 
come to rest, with one of its ends pointing nearly 
to the geographical north pole of the earth. This 
end of the magnet is called its north pole, tbe op- 
posite end its south pole, and the magnet itself, a 
mapnelie needle. 




Fig. 101, The Kagwtio Deedle, 

S99. Mafnie<^lc AttroctloQa and RepulalotiB.— tf a 
magQct U brought neara magnetic needle, attraction or 
repnlsioij will ensue -rgni'^tDn, tchm the pola art of tKt 

Thus, when a nortb pole is approached la a north pole, or 
a soutb pole to a south pole, they repel each other; but 
when a north pole ia approached to a south pole, or a sooth 
pole to a Dortb pole, they attract. If the approacbing 
magnet is powerful, it will deBvct the maguetic needle. 
altbotigb aeveral feet distant from it ; and if placed per- 
roanently in this position, the magnetic needle wilt no 
foni/er peisf to Iha north, bat milt turn loaard tht dufarUajr 



300. Cause of the Uagnetic Feedle pointing to 
the Geographical North. — Tiie magnetic needle 
points to tbe north for the same reason that the 
opposite poles of magnets point to each other 
when they are sufficiently near. The entire earth 
adg ax one huge magnet, with its polea in the neigh- 
borhood of the extremities of its ttris, and the mag- 
netic needle points toward these poles on account 
of their attraction. 
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The earth, like all mignets, possewesa maKDetic field. 
Zdnes of magnetic force come out of its Dorth pole, pasB 
around the earth through the air, and eater the earth at 
iUMuth pole. A magnetic needle, placed in the earth'* 
Held, if free t« move, will come to rest with the earth's 
liuea of force pawing into its south pole and passing out of 
Its north pole. That pole of the needle which points to 
the geognpfaical north is, therefore, of oppoeEte magnetic 
polarity to the earth's polarity in the Northern Uemi- 
sphere. In the United Stat^, the Nortbem Hemisphere 
ii regarded aa possessing toulh niagneCic polarity; in 
Fl»nc«, M poweiatnic north magnetic polarity. 

301 Origin of the Eartli'i Hagnetinn.— The 
exact cauae of the earth's magnetUm is unknown. 
Currenta of electricity circulating around a con* 
ductor render it a magnet. Electrical currents 



are generated in nearly all substances, when they 
are unequally heated. The earth appears to owe 
its magnetism to the circulation around it of cur- 
rents of electricity, produced, most probably, by 
the unequal heating of different portions of its 
surface by the sun's rays. These currents would 
follow the sun in its apparent motion from east 
to west. Since the earth's magnetism appears to 
have its remote cause in the sun's beat, variations 
in the temperature should be followed by corre- 
sponding variations in the intensity of magnetism. 
This is found to be the case. 

Magnetic 6torm!<, or unusual variations in 
the earth's magnetism, have been noticed to 
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correspond with outbursts of solar activity, as 
manifested by the unusual occurrence of new 
spots. 

302. The Declination or Tariation of the Nee- 
dle. — The earth's magnetic poles do not corre- 
spond with its geographical poles. The magnetic 
needle, therefore, except in a few localities, does 
not point to the true geographical north, but to 
the east or to the west of it. This deviation from 
the true north is called the declination or vari- 
ation, and is ead or we^l according as the needle 
points to the east or the west of the true or geo- 
graphical north. The amount of this variation 
differs in different parts of the earth. 



The position of the magnetic poles of the earth is not 
always the same, but c^hiikcs slowly from year to year, 
thus producing cnrn'S[>onding changes in the declination 
ofthe ne.'dle. This change Is culled jecxfarrariafioH. The 
nepdlo, at any place, points more and more to the east, 
foUon-iiig the change of the poles. At length, after a long 
period, it becomes Blalionary, and then begins to move 
toward the true meridiati, wiiich it at length reaches; 
when, contiuuing its motion, the declination becomes 

Isogonal Lines. — Lines connecting places which 
have the same declination, are called iwgonal lines. 
Lilies connecting these places, when the needle 
points to the true north, are called agones, or lines 
of no declination. 

The direetion of the isogoiial lines is shown in the de> 
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cllnation chart, the flgnrea near tbe line* giving tUe valne 
of the declination iu degrees. Tbe agone in each hemi- 
■phere ia marked 0. Iu the New World it eoten Sonth 
America near Kio Janeiro, curves to tbe eastward around 
tbe Antilles, paaBea ntut Waahingtflo.throngh the western 
part of Hudson Bay, and enters the mafcuetic pole at 
Boothia Felix. The ugone, iu the Old World, posaefl 
through the west of Australia, near tbe westeru coasts 
of Hindostaa. through Persia, the eaatem part of the Caa- 
plan Sea, and through the White Sv», in Europe. The 
oval curves Id Eastern Asia seem to indicate a secondary 
magnetic pole. 

Id nearly all Europe, in the whole ofAMckand Arabia, 
In eastern North and South Ameriea, and in nearly all the 
Atlantic and Indian Oceans, tbe declination is we»t. It is 
ftlso west along part of the eastern shores of Asia, aropnd 
the secondary magnetic pole. Iu the remainder of the 
world the declination is eosf. 

303. The IncUaation or Sip of the Heedle. — 
The lines of force of the earth's magnetic field 
are in most places inclioed to the earth's surface. 
The position of the needle is, therefore, horizontal 
in but a few localities. In most places, one of the 
poles is inclined to the earth. This is called the 
inciination or dip of the needle. In the Northern 
Hemisphere, it is the north pole, and in the south- 
ern, the south pole that is inclined. 

304. Magnetic Equator. — The angle of dip is 
greater, the nearer we approach either magnetic 
pole. At the pole, the needle points vertically 
downward ; midway between the poles, the needle 
is horizontal ; the last position is called the mojr* 
netie equator. 

Lines connecting places which have the same angle of 
dip are called uodinat line*. They correspond in a very 
remarkable manner with the isothermal lines. Tbiaseems 
to show the dependence of the intensity of magnetism on 
tbe distribution of tbe sun's hust. The ineliKaliou is also 
Bulyect to secular changes, like the drclinalioa. 

305. Optical Phenomena are caused by changes 
in the direction, inteuKity, or composition of sun- 
light during its passage through the atmosphere. 

Sunlight, when passed through a prism, is dis- 
persed or separated into a great number of difier- 
ent colored lights. The following seven groups of 
colors are prominent: violet, indigo, blue, green, 
yellow, orange, and red. These are called the pris- 
matic colors, or, collectively, a spectrum. They 
differ in the ease with which they are refracted, 
or turned out of their course, in passing from 
one medium to another of different density.' The 
above prismatic colors seen in the spectrum are 
named in the order of their refrangihility, begin- 
ning with the violet, the most refrangible, and 
ending with the red, the least refrangible. 

306. Bainbowa are arches of the prismatic 
colors, caused by the dispersion of the light 



during its passage through the falling drops of 
rain. Tbe rays entering the drop, are reflected 
from the surfaces farthest from the sun, and 
emerge separated into the prismatic colors. 

Rainbows are seen when the observer stands 
with his back toward the sun. They are largest 
when the sun is nearly setting. 

A secondary bow sometimes occurs oulaide the 
primary, with the order of its colors reversed. 
It is caused by the light which is twice reflected 
from the back of the drops. 

307. The Suniet Tinti of the Sky are yellom, 
orange, and red. The rays of the setting sun are 
dispersed, during their passage through tfae clouds, 
or through accumulations of vapor at the horizon, 
and only tbe colors that are least turned out of 
their course, the yellow, the orange, and the red, 
pass through and light up the western sky. 

308. The Blue Color of tlie Sky is caused by 
the diffusion through the air and their subsequent 
reflection from its particles of the more refrangi- 
ble rays of light ; the indigo and the blue. 

309. Haloa and Coronse are rings of prismatic 
colors surrounding the sun and moon. 

Hatos are caused by the presence in the air 
of small crystals of ice or snow. Parhelia, or 
mock suns, and Paragelenft, or mock moons 
(bright spots which somewhat resemble suns and 
moons), are frequently seen where the complicated 
circles of halos intersect each other. Corona are 
circles of light, seen most frequently around the 
moon. They are caused by the presence of a 
small quantity of condensed vapor in the ur. 
They generally indicate changes In the weather. 



f 




SIO. The Mirage is a general term applied to 
the appearance which objects present when viewed 
by means of rays of light that have passed through 
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strata of air, which gradually increase or decrease 
in density. In this way the objects appear either 
inverted or erect, but always out of their true 
position. Sometimes the objects are repeated, one 
leing seen above the other. The mirage occurs 
l)oth over water and land. It is caused by the 
turning of the rays of light out of their original 
ilirection. 

The Mirage of the Desert occurs over hot, arid 
8ur&ces, whenever the strata of air increase rap- 
idly in density from the surface upward. The 
lays of light from distant objects, such as trees, 
are reflected from one of the lower layers of air. 



and, entering the eye of the observer, appear to 
come from inverted objects, which seem to be 
surrounded by a sheet of water. The image of 
a real tree is seen, but out of its true situation, so 
that when the observer reaches the place he finds 
nothing. 

The mirage frequently occurs on the sea. Ves- 
sels that are too far below the horizon to be di- 
rectly visible, become visible by refraction. This 
phenomenon is called looming. The vessels are 
seen both erect and inverted, and sometimes ap- 
pear suspended in the clouds. Distant islands 
are sometimes visible from the same cause. 



^ 
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nie mpidity of evaporation inereasea— 1. With the tem- 
perature of the atmosphere. 2. With the extent of snr- 
Ikce exposed. 3. With a decrease in the quantity of va- 
por already in the air. 4. With the renewal of the air; 
and, 5. With a decrease of the pressure on the surface. 

When air can hold no more moisture in an invisible 
state, it is said to be taturated or at its dew point. 

Whenever the air is lowered below the temperature of 
Hb dew point, its moisture is deposited as cloud, mist, 
■DOW, hail, sleet, or rain. 

More dew is deposited on clear nif;bts, when the wind is 
moderate, than on cloudy nights, when the wind is high. 

In fogs, mists, and clouds, the moisture is condensed as 
minute drops. 

Clouds owe their variety of forms to the action of aerial 
enrrents, and their constant tendency to settle. 

The dense fogs so common off the banks of Newfound- 
land are caused by the chilling of the warm, moist air ox 
the Gulf Stream by the cooler air of the Labrador cur- 
rent. 

The primary forms of clouds, are the cirrus, the cumn- 
lns, the nimbus, and the stratus. 

The secondary forms of clouds, are the cirro^ratus, the 
eirro-comulus, and the cumulo-stratus. 

Bain fiftlls whenever the temperature of a mnns of air is 
lowered considerably below the temperature of its dew 
point. 

This reduction of temperature may occur — 1. By a 
jhange of altitude by means of ascending currents. 2. 
By a change of latitude, as by the warm equatorial cur- 
rents flowing into colder regions nearer the poles. 3. A 
comparatively small rainfall may be caused by the inter- 
mingling of moist cold and moist warm air. 

As a mle, the equatorial currents bring rain, the polar 
enrrenta, drought. 

In the zone of calms, it rains during the hottest part of 
the day, or in the afternoon, when the ascending currents 
are strongest. 

In the zone of the trades, it rains during the hottest 
part of the year, or in summer. 
14 



Between lat 24® and 30«, both N. and 8., the rain&ll is 
scanty, and in some localities almost absent. 

In the zone of the variables, it may rain at any hour of 
the day or night, or at any time of the year. 

In the polar zones, the winters are clear; snows and 
drizzling rains occur in spring and autumn. 

Between lat. dO"* and 35<', both N. and S., it is dry in 
summer during the prevalence of the polar correnta. The 
rest of the year is wet. 

The rainfiftll of any place is determined by means of an 
instrument called a rain-gauge or pluviometer. 

An inch of rain on the surface of a square yard is equal 
in weight to 46.75 pounds ; an inch on the surfince of an 
acre, to the weight of about 100 tons. 

The quantity of rain decreases from the equator to the 
poles, and from the coasts of the continents toward the 
interior. 

More rain falls on mountains than on plains ; more on 
plains than on plateaus; more in the Northern Hemi- 
sphere than in the Southern. 

In the tropics of the New World, the annual rainfall is 
115 inches ; in the Old Worid, only 77 inches. 

In the temperate regions of the New World, the annual 
rainfall is 35 inches ; in the Old World, but 34 inches. 

The average rainfall of Europe, between lat. 36® and 60® 
N., is 34 inches. 

The average rainfall in the United States, between 24® 
30' and 45® north latitude, is 39 inches. 

The desert belt of the eastern continent extends from 
the western shores of Northern Africa eastward to the 
Great Kinghan Mountains in Asia. It includes the Sa- 
hara, tffe Arabian and Persian Deserts, and the Desert of 
Mongolia. The aridity of this immense tract is caused by 
the absence of rain. 

The desert tracts near the summits of high mountains 
are caused by the absence of heat and liquid moisture. 

Hail falls when bodies of warm and intensely cold air 
are rapidly commingled. 

Snow falls when the moisture is condensed at tempera- 
tures at or below 32® Fahr., under conditions favorable to 
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gradual orsrstallization while the moistare is coDdensing. 
Sleet is frozen rain. 

The snow lino is the distance above the sea where snow 
remains throughout the year. 

The snow line in the tropics is found at about three 
miles above the level of the sea ; in the temperate regions, 
at rather less than two miles ; near the northern extremi- 
ties of the continents, at less than one mile ; while still 
Cftrther north, on the polar islands, it is but a few hundred 
feet above the sea. 

The height of the snow line, depends — 

(1.) On the amount of the snowfall. 

(2.) On the temperature of the valley. 

(3.) On the inclination of the slopes. 

Glaciers are immense masses of ice, formed by the snow 

which accumulates on the slopes of mountains above the 

snow line. They move slowly by gravity down the moun- 

' tain slopes, bearing with them accumulations of dirt and 

stones, called moraines. 

The upper surface of the glacier is generally broken into 
deep fissures, called crevasses. 

The water derived fh)m the melting of the glacier issues 
in a stream from the lower end of the ice mass. It is 
highly charged with sediment derived from the erosion 
of the glacier. It often forms the source of a powerful 
river. 

The following mountains contain glaciers : the Alps, the 
Pyrenees, the Caucasus, the Scandinavian Mountains, the 
Himalayas, and the Karakorum. 

When glaciers descend into the sea, the waters under- 
mine them, and detach huge masses, which float away to 
great distances. These masses are called icebergs. 

Toward the close of the Mammalian Age, a change oc- 
curred in the climate of the earth, by which all the north- 
em continents were covered with glaciers. 

The unit of electric potential is called a volt; the unit 
of current is called an amphre; the unit of resistance is 
called an ohm. 

Comparing the flow of electricity to that of a current 
of water in a pipe, the volt corresponds to the pressure 
causing the flow, the ohm to the faction or other resist- 



ance opposing it, and the ampere to the quantity of the 
flow per second. 

The free electricity of the air is generally positive. 

Lightning results when the electricity of a doud dis- 
charges to the earth, or to a neighboring cloud. 

There are flve kinds of lightning: zig-zag, heat, sheet, 
globular, and volcanic. 

When the air contains an unusually great quantity of 
electricity, faintly luminous balls are seen on the ends of 
tall objects. These are called St. £lmo*s flre. 

Auroras are caused by the passage of electricity through 
the rare air of the upper regions of the atmosphere. 

The earth acts like a huge magnet. It possesses a mag- 
netic fleld, and has lines of force entering its south pole 
in the Northern Hemisphere, and coming out of its north 
pole in the Southern Hemisphere. 

A magnetic needle, if free to move, will come to rest in 
the earth's field with the lines of force of the earth pass- 
ing in at its south pole and coming out at its north pole. 

The magnetic needle points to the north, from the action 
of the magnetic poles of the earth. The cause of the 
earth's magnetism is not certainly known. It is probably 
due to electrical currents which circulate around it. 

Magnetic storms, or unusual variations in the earth's 
magnetism, correspond with outbursts of solar activity 
as manifested by sun-spots. 

The deviation of the needle from the true north, is 
called its dedinaiion; the deviation from a horizontal 
plane, its inclinatiwi. Both declination and inclination 
are subject to diurnal, annual, and secular variations. 

Isogonal lines connect places which have the same dec- 
lination. Isoclinal lines connect places which have the 
same inclination. Isoclinal lines are nearly coincident 
with the isothermal lines. 

Rainbows are caused by the action of light on falling 
raindrops. 

Hdlos are caused by snow crystals in the air ; Corommt by 
minute particles of water. 

The Mirage is caused by the bending of the rays of light 
fh>m their original direction, while passing from one me- 
dium to another of different density. 
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What do you understand by evaporation ? 

Name the circumstances upon which the rapidity of 
evaporation depends. 

Define dew point. 

What condition is necessary in order that the invisible 
moisture of the atmosphere may become visible in any 
form of precipitation ? 

Under what circumstances is dew deposited ? 

Why is more dew deposited on a clear night than on 
a cloudy night? Why is more dew deposited on a still 
night than on a windy one? 

Under what circumstances are fogs, or mists, pranced? 
How do fogs or mists differ from clouds? 

What is the condition of the particles of water which 
form the clouds? Are they minute drops, or hollow vesi- 
cles? 

Describe the appearance of the cirrus cloud. How does 
its height compare with that of other clouds? 

During what parts of the day are stratus clouds most 
common ? To what do they owe their banded appearance ? 



Describe the cumulus cloud. During what part of the 
day is it most common? 

Why should the cirro-stratus clouds generally indicate 
approaching rain? 

Name three conditions under which rain may be caused. 
By which are the heaviest rains generally produced? 

Are the equatorial currents likely to bring rain or 
drought? The polar currents? Why? 

Name the periodical rain zones. 

When does it rain in the zone of calms? In the zone 
of the trade winds? Why? 

In what portions of the zone of the variable winds is 
the rainfall approximately periodical? 

Describe the rainfall in the zone of the variable wind& 
In the zone of the polar wind.s. 

Describe the construction of a rain-gauge or pluvi- 
ometer. 

Why should more rain fall on a mountain than on the 
lowlands at its base ? Why should more rain fall on the 
coasts of a continent than in the interior? 
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CnmpMe the ine»ii Mmuftl n^nfall of the tropics of ths 
Old Hid New WoTlda. Of tho tempente regions of the 
Old ud Sew Worlds. 

Name the niDlem diitriets of the Eutem ContitieDt. 
Of the Western Continent. 

What U the cante of the almost total abeeece of Tain in 
UtcM dUtrietsT 

Under what ciTCDniftaooes U ball produced? 
Describe the structare of a hailstone. 
Explain the rotary theory of hail. 
Define the snow liee. Upon what does the height of 
die snow lioe depend T At what height above the sea- 
Icvel is it found in the tropicsT In the temperate re- 
Slwuf In the polar lones? 

How are glaciers formed? In what lespecta do they 
Vvsemble rivets T 

What are creTaaeesT How are they formed? 
Name some rivers which take their origin in the melt- 
ing of glacial ice. 

Deflne lateral morunei; medial moraines; terminal 
min^nea. 

Expialn the manner in which fiord-valleys were 
formed. What is the protiable origin of lakee in all 
glader districts? 

Name aome of the European monntaia systems which 
eontaln extended glacier regions. Name two Asiatia 
moantaln langsa whicb contain snch regions. 



How are ieel>ergs formed? Is the ice of which they are 
composed salt or besh ? 

What are ice floee? State their origin. 

What appears to have lieen the sonthem limit of the 
glaciers in the United States, during the glacial epoch, 
which oocurred toward the close of the Uammalian A|teT 

What is the origin of free atmospheric electricity? 

Deflne volt; ohm; ampfre; potential; circuit. 

Under wlut circaniBtances does lightning occnr? What 
is the cause of the accompanying thnnder? 

Name five varieties of lightning. 

By what are auroras caused ? 

What Is the canse of the directive tendency of the mag 
netic needle ? 

What ia believed to be the caose of the earth's magnet- 
ism? 

What do yon understand by the earth's magnetic field? 

Deflne Isogonal lines; isoclinal liueo. 

With what lines are the isoclinal linM nearly ooind- 
dent? 

Explain the phenomenon of the rainbow. 

What is the eanie of the snnset tints of the iky? Of 
the blue color of the sky? 

What arehalosand corons? By what are they caused T 

Explain the cause of the mirage of the deaert. 

What do you andentaod by the pheDomeoa of loom- 
ing? 



MAP QUESTIONS. 



Tnce in a similar manner the portions inclnded In 
the tones of the trades, and the xones of the variables. 
What Is characteiiitio of the i^ntall in each of these 

Why shonld the eastern shores of tropical Sonth Amer- 
ica be moist, and the western dry? 

Tu what pecnliaiity of poaltlon does Northern Africa 
owe Its scaotT tainlUl? 



Trace on the map of the iaothennal lines the sonthem 
limit of the Arctic drift Ice; the northern limit of tlie 
Antarctic drift lee. 

Trace on the declination chart, the agone, or line «f no 
declination, in the Western Hemisphere. 

Trace the line of no declination in the Eastern Hemi- 
sphere. What smaller line of no declination exists In this 
hemisphere ? 

Notice that in the Weetem Hemisphere the Isogonal 
lines all meet in a point near Hudson Bay. What does 
this meeting indicate? 




Part V. 

ORGANIC LIFE. 




The variety and luxuriance of life found on the Burface of the earth are fer greater than is at 
first apparent. Besides the lai^r species of animab aod plante, myriads of microscopic forms inhabit 
the land, the water, and the air. From the burning sands of tropical deserts, to the eternal snows of 
the poles, widely difiering forms occur, each being peculiarly fitted for its own conditions of growth. 

An organic form differs in many respects from one that is inorganic. The animal or plant has its 
origin in a germ ; grows from nourishment taken into its structure ; has a regular development id 
growth, passing, by successive stages, from birth to maturity, when it reproduces ilfi kind, and passes oa 
to decay and death, 

A crystal, which may be taken as the type of the inorganic world, grows by additions from without, 
does not reproduce its kind, has no regular development or growth, being perfect from its first existence, 
and has no decay or death. 



Section I. 

PLANT LIFE. 



CHAPTER I. 
Plant Geography. 



31L Living Matter. — All life, whether vege- 
table or animal, cousists of various groupings of 



cells, or approximately spherical masses, consist- 
ing of a peculiar form of jelly-Hke matter called 
protoplagm, composed of various complex combi- 
nations of carbon, hydrogen, oxygen, and sulphur, 
caWed proteidt. At its beginning all life consists 
of a minute germ cell, filled with more or leas 
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(S.) Aocordlns to Schouw, we m&y dividetheeaith's 
mrfoce into regions cbaracteriied by MaembUge* af peca- 
llftr lloru, kDd sepamted b; natural barriers. 

The great nomber or the regions required to give thor- 
oaghneM tA Schoaw's (yitem, render* its use inadvisable 
in an elemenMry Iraok. 

(3.j According to Humboldt and otbers, we may 
divide the earth's Burface Int« zones, according to the 
phjsiognom; of the plants inhabiting them. Here planla 
of entirely different species are e^oaped ty Oieir mere mil- 
ward ratmHoHeet into what are called forttt. 

The flrst method la the one most anitable for onr pnr- 
poaea. We shall follow, in the main, Dove's modifleation, 
M adopted by A. B. Johnston, and divide the snr&ee of 
the earth into lones, according to the iteOurme, or lines 
of mean annnal tempenlure. The TalaM of the iaotberm* 
are given in ronnd numbers. This system ia based on the 
AKt, that the character of the vegetation i« dependent 
mainly on the tempentore, which, in its tnm, regulates 
the quantity of moisture. 

317. Horixontal Zonn of Vegetation, 

(1.) The Tropical Zooe, extendi between the 
iBotherms of 73° Fahr. on each aide of the equa- 
tor. 

(2.) The gub-Tropical Zones, extend in each 
hemiephere from the isotherm of 73° Fahr. to 68° 
Fahr. 

(3.) The Warm Temperate Zones, extend in 
each hemisphere from the isotherm of 68° Fahr. 
to 55" Fahr. 

(4.) The Cold Temperate Zones, extend in each 
hemisphere from the isotherm of 56° Fahr. to 41° 
Fahr. 

(6.) The Sub-Arctic Zone, extends in the north- 
em hemisphere from the iaotherm of 41° Fahr, 
to the September isotherm of 36.5° Fahr. 

(6.) The Polar Zone, extends in the northern 
hemisphere from the September isotherm of 86.5° 
Fahr. to the poles. 

31S. The Tropical Zone, or the zone ot palmg. 
bananat, ipiees, and amnalic planU, lies on each 
side of the equator, between the isotherms of 73° 
Fahr. It includes most of the land within the 
tropics of both hemispheres. 

The excesBive heat and moisture of this zone 
produce an especial luxuriance in the vegetation. 
Trees attain enormous size, the foliage is bright, 
tlie flowers brilliant, and the number of species 
great. The forests are characterized by the great 
variety of trees, and when allowed to attain their 
densest growth, are almost impenetrable, from the 
numerous parasitic plants with which they are 
covered, or the gigantic, rope-like climbers that 
twine among them, 

Palm», bananas, tree-like grasses, and orchids 
are among the mod eharaclerlMic planla. 




Fig, 104. Palm-TrMi. 

all their nonrishment from the air. As a claso, they arf 
nuted for the fragisDce, vivid coloring, and curioos fomu 
of their flowers. The well-koawn vanilla bean is obtuned 
froni an orchid. The hamble grasses of our latitude, in 
this zone, are repreeonted by the bamboo, which often at- 
tains the height of 60 feet. 

The banyan. tree, a specif^ of fig-tree, is found In tlu 




/w w 




and in their turn scud out otbcr branches, and ii 
way an extended area is covered. A single tree has been 
known sufflciently large to give shade to TOOO men at the 

The LlanoB of the Orinucu are Ibuiid in the 
tropical zone. During the dry season, they are 
almost entirely devoid of vegetation ; but during 
the wet season, they are covered with grasses. 

The Indian Archipelago affords an eicelleat illustration 
of the wonderful luxuriance of the vegetition of the 
tropics. Here the gigantic Rafflesia bears flowers three 
feet in diameter: 

In the northern and southern portions of the 
tropical zone, where the mean annual temperature 
ranges from 79' to 73* Fahr., the vegetation, 
though similar to that of the equatorial regions, 
begins to lose its density and luxuriance. The 
forests contain less undergrowth and fewer para- 
sitic plants. Tree-like ferns and figs are espe- 
cially abundant, and some authorities have ar- 
ranged these portions into separate zones, called 
the zones of tree-ferns and figs. 

319. Th« Sub-Tropical Zones, or the Zones of 
Laurell and Myrtles, extend in each hemisphere, 
from the isotherm of 73° Fahr. to 68" Fahr. 
Here, the beat of summer, though sufficient to 
ripen most of the tropical fruits, 'le not as intense 
OS in the tropical zone. The winters are mild, 
and scarcely arrest the vegetation. The palms and 
bananas of the preceding zones are still common, 
but the ekaraeteridie vegetation i» found in the 
abundance of treen with thick, ghining leaves, »uch 
as the laureh, magnoiias, aiid myrllee. 

320. The Warm Temperate Zones, or the 
Zones of Evergreen Trees, or trees which do not 
shed their leavef, extend in each hemisphere, 
from the isotherm of 68° Fahr. to .').'>° Fahr. In 
this /one, trees with thick, shining leaves occur, 
miiigleil with oaks, bwches, and others similar to 
those found in onr own forests. No palms occur, 
but in their place we find a number of glatsy- 
leaved evergreen trees, and handsome evergreen 
shrubs. 

In those portions of this zone which are in the neigh- 
bnrhaofl of the Mi-ditfrranean. the hay. niyrtk. Tanrel, flg, 
and the olivi', ant characteristic. The cork oaks, cheat- 
nuts, and )>oiueRninales, are fnsiuent. The vine, said to 
be a native of this zone, attains iiere its greatest growth, 
the stem ufhri rcBcbiiig a thickness of half a foot. In 
America, oaks, pines, and tulip-trcea occur. 

The southern warm temperate zone includes 
portions of Xew Zealand and Australia, and in 
Bouth America the Pampas of the Rio de la 
I'Jatte, where Iree-like grasses abound. 



32L The Cold Temperate Zone, or the Zone of 
Deciduous Trees, or those which drop their leaves 
in autumn, extends in the northern hemisphere, 
from the isotherm of 5.5° Fahr. to 41° Fahr. Fvr- 
esta of deciduous trees ure the viain eharoFleristics 
of this zone; oaks, birches, beeches, chestnuts, wal- 
nuts, maples, elms, larches, alders, and sycamores, 
are among the most common of the deciduous 
trees. Mosses and lichens frequently cover the 
trunks of the trees, and a rich and varied under- 
growth occurs ; the hotly, clematis, wild rose, hon- 
eysuckle, and rhododendron, are examples. 

Extensive meadows, covered with grasses, are 
found in this zone. 

The deciduous character of the trees, and the almost 
total absence of evergreens, produce a marked contract 
between winter and summer. During winter, the foliage 
almost ontiielf disappears, and snow covers the ground 
for long periods. 

This zone is essentially one of extensive forests. 
In connection with the warm temperate zone of 
the northern hemisphere, it has always contained 
the most highly civilized races of men, and is es- 
pecially rich in the number and luxuriance of its 
food-plants. 

322. The Bab-Arctio Zone, or the Zone of the 
Cone-Bearing Trees, extends in the northern hemi- 
sphere, from the isotherm of 41° Fahr. to regions 
where the mean annual temperature for the month 




Fig. 106, Fins-Tmt. 

of September is 36.5° Fahr. In thie zone, both 
forests and grassy meadows abound. The foreda 
are especially characterized by tone-bearing trees, 
with evergreen, shining, needle-shaped leaves, ««A 
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01 the pine, tpniee, hemlock, cedar, and fir. In 
the northern portions of the zone, beeches and 
alders are found, and willows, when the soil is 
moist. The meadnwa are covered with grasses 
and flowers, and afford abundant pasturage. 

The northern limit of trees la marbud ou the map of 
the pUnt reBioni. 

323. The Polar Zone, or the Zone of Alpine 
Slinibt, Hoaaei, Licheu, and SaxiA«ge>, extends 
from the Umils of the sub-arctic zone to the pole. 
In thia zone, no tree* occur exc^t those of a etunUd 
growth, Alpine shrubs, or thoae of tortuous, com- 
pact growth, such as the Alpine rhododendra, the 
dwarf birch, willow, and alder, occur. Sedges and 
grasses are found. The pastures of the preceding 
lones are absent ; in their place we find extended 
areas covered with lichens. 

The northern plains of Siberia are covered with ezten- 
■ire mmnbeB, called T^tndrai. where the ground, during 
moat of the year, is freien to f(re>t dvptha. The short 
mmmera odIj lufflce to thaw the sorface, when a few 
BuMBM and lichens appear. 



Near the extreme northern limits of the North 
Polar zone, from the limit of the isotherm of 41' 
Fahr. for the month of July, such plants onlj are 
found as can thrive during the brief Arctic sum- 
mer of from four to six weeks. Shrubs are en- 
tirely absent ; lichens and mosses occur, together 
with stunted Alpine herbs. In Spitzbergen, lich- 
ens and mosses are found, the former being esp& 
cially numerous. 

S34. Tbfl Tertloal Distribution of Veg-etation.— It 

is difficult to make a good systematic arrangement of tegt' 
laliim ih(d vertical mu, since the (niijMTa(ur< and moUtvrt, 
ou which such an arrangement must be based, are subject 
to very considerable variaCious. Thus, the position of the 
mouu tain -ranges as regards the prevalent wind, the direc- 
tion ot the mountain slopes, and tlie extent of the elevaWd 
plateaus, all exert inch a powerful inflnence on the mean 
annoal temperature and the rainfall, that even in the 
same range, opposite slopes, or even different parts of the 
same slope, afford very marked climatic contrasts. Id 
tangea that are widely scliarated, the diOerences are still 
greater. The following chart exhibits the characteriatio 
flora in tropical America, Africa, Europe, and Aaia, at 
■imilar elevations. 




Fig. 107. Tsrtleal IHrtrlhadMi «r VsgetiidoD. (ARet Black.) 



(L) Batween tbe level of tba sea and 6000 feet, 
the vegetation is, in general, the same as in the tropical 
Bad mi-fropical iimet, Pfilms, bananas, and tree-forns oc- 
onr in the lower parts, and barley, potatoes, sonar-cane, 
Tloe, cotton, etc., as marked on the chart. 

It.) Between 6000 and 10,000 feet, the vegetation 
tt, in genetal, the same as in warm temperate zones. In 
America, the birch and cedur mrriir in the lower portions 
of tbe region, and Peruvian bark sod the cinchona trees, 
•o naenil In medicine, in the upper portions. In Africa 
and Europe, the pine, hirch. and nak occur; and in Asia, 
the oak ; here also the vine is culliVHt^i). 

(3.) Between 10,000 and 15,000 feet, the vegeta- 
tion. In genera]. Is that of the coM temptrale luma. De- 
eidnona ttvei occur; rye, ivhcal. barlev, and oats are cul- 
tivated. 

(4.) Benrean 16,000 and BO,O00 feet, the flora cor- 
responds, in general, to that of the ;>Dl<ir aii>j aretie man. 
A ttw rhododendrons anil birches occar on the warmer 
Aeiatio alopca^ and occasionally cropa of barley are cutti- 



vered by eternal 



the corrcspondi-n 
but of a very gci 
on Ihu chart mark the lin 



alcd. The greater part ol this 

now, as is the case with all greater elevations. 

: will be noticed that 
nd horiiontal zones is 
ersl charueler. The names of the plants 
; which they will grow, 

325. Plant Regions.— In some localities, a few 
plantd occur over extended areiis, in puch vast 
numbers as to give a characteristic appearance to 
the country they cover, A brief mention will be 
miide of such repon!". ofpecinlly as they illustrate 
the influence of the presence or absence of moist- 
ure on the vegetation. 

326. Forests occur wherever the moisture is 
abundantly and regularly distributed throughout 
the year. As a rule, forests are limited to those 
portions of the world where the rain falls at all 
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timee of the year, or b abundant during the eea- 
son the tree ia growing, aa in the zones of the 
variable winds. Forests may also occur in por- 
tioua of the tropics where moisture is abundant. 

The forests of the cold temperate zones are da- 
cidvout; those of the other zones, euergreen. 

327. Steppsa. — When the moisture is not well 
listributed throughout the year, but the rainfall 
is periodical, and long droughts occur in the in- 
tervals between the rainy seusons, the forests are 
replaced by areas called steppes, which, during 
the net seasons, are covered with grasses, shrubs, 
or herbs; but during the dry seasons are almost 
destitute of vegetation. Steppes are found iu the 
Llanos and Pampas in South America, in the 
Great Plains of Iforth America, ia the grassy 
steppes of Australia, Russia, and Asia, in the 
German heatlis, and in the African savannas. 

328. Msadows and Prairies. — These, like the 
preceding, are covered with tall grasses, but the 
vegetation is more permanent, the droughts being 
only occasional. They are found, therefore, in the 
temperate zones, in the regions of constant rains. 
An extended prairie region is found in the valley 
of the Mississippi, on both sides of the stream. 



due to the readiness with which t 
receives and parts with heat 




rig.lOS. DsHitBcau. 



329. Deserts are regions characterized by as 
almost entire absence of vegetation; they au 
found mainly in the zones of the trade winds, 
and are to be ascribed entirely to the al>sence 
of moisture. Their bare surfaces are subject to 
great and sudden changes of temperature, being, 
as a rule, excessively warm during the day, and 
often quite cool at night. These changes are 



CHAPTER II. 

Cultivated Plants. 

330. Plants appear to have been originally 
confined, by conditions of soil or climate, to cer- 
tain localities. In many instances, however, plants 
furnishing materials for food, clothing, or other 
staples for the human family, have been trans- 
planted and widely diffused by man. In moet of 
these cases, their successful cultivation is limited 
to r^ions where suitable climate and soil ex- 
isted either naturally, or have l^een artificially 
produced. 

331 Biitribntioii of the Cereals. — The cereals 
include barley, rye, oats, wheat, maize or Indian 
com, and buckwheat ; together with the potato, 
they form the more important food-plants of the 
temperate zones. 

Barley, thought to be a native of Tartary and 
Sicily, can be grown farther north than any other 
grain ; in Lapland, as far as 70° "S. lat 

Sye is found as far north as lat. 67° N. in "Sor- 
way. It is the most common grain in Russia, 
Germany, and in portions of France. 

Oati is probably a native of the Caucasus ; its 
northern limit in Norway is about 65° N. lat. 




Fig, 109. Halie, or lodlu Oon. 



Wheat is probably a native of Tartary. It is 
the most important of the cereals, and has a wide 
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-vertical and horizontal distribution. Its northern 
limit, in Norway, is 64° N. lat. 

Haize, or Indian Com, a native of America, ie 
extensively cultivated from the southern part of 
Chili to high latitudes in North America. Its 
northern European limit is perhaps near the iso- 
therm of 65" Fahr. 

Buckwheat, probably a native of the colder 
portions of the Chinese Empire, is extensively 
cultivated in Siberia, on the plateaus of Central 
Asia, acd generally in the cool temperate regions 
of the rest of the world. Buckwheat is especially 
valuable on account of the ability it possesses of 
thriving in sandy or moory soils, where other 
similar food-plants will not succeed. 

Fotatoei. — The native country of the potato 
appears to have been either Chili or Peru. 
Though cultivated in both the tropical and tem- 
perate regions, it is to be regarded as a food- 
plant of the temperate zones. It possesses a very 
remarkable range, being cultivated from the ex- 
tremity of Africa to Lapland : the requisite cold 
in the tropical regions being found on mountain- 
elopes. 

332. The 7ood-Flanta of the Tropical Beg:ioni, 
are rice, datet, cocon-ntdg, bananas and plantaim, 
ecuMva, bread-fruit, tago, yams, etc. 

Sice is cultivated in tropical Africa, Egypt, 
Nubia, Persia, China, the Americas, and tiie Weat 
Indies. It requires considerable heat and an 
abundance of moisture. Rice forms the main 
food of a large portion of the world. 

Dates form an important article of food in 
North Africa, both for man and beast. Dates 
are obtained from the date-palm, a native of a 
strip of land on the southern slopes of the Atlas 
Mountains, where the tree occurs so plentifully as 
to give to the rouiitry the name oi Beled-el-Jerid, 
or the Land of Dates. Different varieties of the 
date are found in the Saharan oases, and in other 
parts of the world. 

Coeoapnnti are the product of the cocoa-palm, 
which is valuable for its food, timber, foliage, and 
fibres. The cocoa-palm is a native of Southern 
Asia, but is cultivated throughout the tropical 
regions of Ceylon, Sumatra, Java, and the islands 
of Polynesia, 

Bananu and PUntains are thought to be na- 
tives of Southern Asia. They are extensively 
cultivated throughout the tropical zones, both 
north and south of tiie equator. Since their 
firuit is very nutritious, and the yield of a given 
J5 



area great, they form an exceedingly important 
staple of food. 




Fig. 110. Buuia. 



CauBva is obtained from the manioc, a shrub 
with a fleshy root, several feet long, and nearly 
as thick as a man's arm. Tapioca is one of the 
varieties of cassava. Some species of the man- 
ioc are poisonous, when raw, but become edible 
when cooked. The manioc is a native of Brazil, 
but is abundantly cultivated in Western Africa, 
in Congo and in Guinea. 




Tig, lU. Bmd-Fnait. 



Bread-Frnit is the pulpy fruit of a tree which 
grows only in the tropics. The fruit, when baked, 
resembles potato bread in taste. The tree yields 
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fruit during moat of the year, and is aaid to be a 
native of the &jutb Sea Islands, though it is now 
quite commoD in the Friendly and Society groujjs, 
and in many of the neighboring islands. 

Bago is a starchy substance, obtained from the 
pith of several species of palm trees, which grow 
in the Moluccas. A single tree is said to yield 
from 600 to 800 pounds of sago. 

YamB are the large tubers of a number of 
plants, resembling potatoes. They are cultivated 
in Africa, in South America, and in Cuba. 

333. Sngar-Csne is probably 
I native of India, but is now 
extensively cultivated through- 

' out the tropical and warm tem- 
perate zones of Ixtth hemispheres, 
in the West Indies and South- 

^ ern United States, Guinea and 
Brazil, l^lauritius and Bourbon, 
Bengal, Siam, China, Java, and 
the ncighl»oring islands. 

334. Fruits of the Tropical 
and Warm Temperate Zones. — 
Besides tliose already enumer- 
ated, we find the following: 
oranget, letnons, Um.e», ciiront, 

pine-apples, 
mangoes, jigt; 
and in the 
cooler por- 
';''^ tions cherries, 
^ peaehet, apri- 
cots, and pome- 
granates. 
^ 335. Diitri- 
* bntion of 
Flanta yield- 
Fig. li3. BngH-OMB. ing Bever- 
age!. —The 
principal plants yielding beverages by infusion 
are tea, coffee, and cocoa. 

Tea consists of the dried leaves of a number 
of evergreen shrubs, natives of China or there- 
abouts. Tea is cultivated in Cliina and India, 
from the equator as far north as lat. 45°, It ap- 
pears to thrive best between 2.5° and 33° N. lat. 
It is extensively cultivated in Malacca, Java, and 
in various portions of the English possessions in 
India. Tea was introduced into Europe by the 
Dutch, in 1610. 

Coffee is the berry of a tree found native in 
Abyssinia. The tree attains a height of from 




15 to 20 feet, but when cultivated, it is generally 

kept lower by cutting. The tree has shining 




Fig, U3. 



green leaves, and bears beautiful white flowers, 
which are followed by reddish-brown berries, each 
of which contains two grains of coffee. The 
coffee-tree is cultivated extensively in Arabia, 
Java, tiie Philippineii, Ceylon, Brazil, and in the 
West Indies. 




Fig. 114. CoffM. 

Cocoa. — The cocoa-tree is cultivated in Central 
America, Guiana, Chili, India, Japan, and in 
several islands in the Indian Ocean. The tree 
attains a height of about 20 feet. Choeolate is 
prepared from the seed of the cocoa-tree. 

336. Bpicei, such as pepper, clores, nutmegs, and 
dnnamoii, are cultivated mainly within the trop- 
ics. Vanilla, used in flavoring, ia also limited to 
this region. 

Pepper. — The black pepper of commerce is ob- 
tained from the dried seed of a climbing shrub, 
which grows wild on the western coasts of Hin- 



dofitan. Red, or Cayenne pepper, is grown in 
Guiana and the East. 

QoTes are the dried flower-buds of an ever- 
green tree, thirty or forty feet high, which grows 
in the Moluccas. The cultivation of the tree is 
confined mainly to the little island of Amboyna. 

Hntmegs. — The tree from which nutmegs are 
obtained is found mainly on the Banda Islands, 
south of Ceram. The nutmeg is covered by 
several layers of vegetable matter, one of which 
is the mace of commerce. 

Cinnamon is the inner bark of a tree, which is 
cultivated mainly on the island of Ceylon. 

Vanilla is obtained from the dried, fragrant 
pods of a plant grown mainly in Mexico, Cen- 
tral America, and Brazil. 

337. The Principal Harcotics used in diflerent 
countries are opium, prepared from a species of 
poppy; the betel-plant, a native of Hindostan: 
the leaves of the betel-plant are chewed, together 
with the areca-nut ; hasheesh, a narcotic used in 
India ; and tobacco, the dried leaves of a plant 
grown extensively in Mexico, Cuba, Brazil, and 
in the United States. 

338. Plants Valuable as giving Materials for 
Clothing, are cotton, hemp, and flax. 

Cotton, a native of India, is now grown exten- 



sively in East India, Persia, on the eastern shores 
of the Mediterranean, in various parts of Europe, 
and in North and South America. 

Hemp and Flax are cultivated in the temper- 
ate regions of Russia, and throughout Great 
Britain and the United States. 

The plants producing mediciiies, and products 
employed in the arts or manufactures, are : 

The Cinchona-Tree, found on the upper slopes 
of the tropical Andes. Quinine is obtained from 
the bark of the tree. 

Onm Arabic, obtained from the East Indies, 
Egypt, and Africa. 

Indigo, a blue dye, obtained from the indigo- 
bearing plants. 

Brazil-Wood, Hicaragua-Wood, and Log-Wood, 
yield reddish dyes. 

Quercitron and Black Oak, yield a yellow dye. 

Turpentine and Bosin, are products of the pine 
tree. 

Caoutchouc, or India-rubber, is the juice of 
several tropical plants. 

Olive Oil is derived from the olive-tree, culti- 
vated on the borders of the Mediterranean. 

Cocoa-nut, Palm, Flaxseed and Cotton-Seed 
Oils, are obtained respectively from the cocoa- 
nut, palm-tree, and the seeds of flax and cotton. 



SYLLABUS. 
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All life consists of groupings of cells or spherical masses, 
eonsisting of a transparent jelly-like substance called pro- 
toplasm. 

All life originates in a germ cell produced through the 
agency of pre-existing life. 

Protoplasm forms an essential part of all plants and ani- 
mals. Both plants and animals consume protoplasm dur- 
ing their growth. Plants, alone, produce protoplasm. Ani- 
mals are dependent on plants for their existence. 

Plants require for their vigorous growth certain condi- 
tions of light, heat, moisture, and soil ; of these, heat and 
moisture are the most important. 

Plant geography treats of the distribution of plants. It 
differs essentially from botany, which treats of the pecu- 
liarities in the structure of plants. 

The plants of any section of country, taken collectively, 
are ealled its flora. 

The differences in the distribution of heat and moisture, 
produce corresponding differences in the distribution of 
vegetation. The distribution of heat and moisture, there- 
fore, forms the true basis for the distribution of plant life. 

If a soil be wanting in any section of country, but the 
proper conditions of light, heat, and moisture be present. 



the simpler vegetable forms will appear, and gradually 
prepare a soil fitted for the higher kinds of vegetation. 

The variety and luxuriance of vegetation decrease as 
we pass from the base to the summit of a mountain, or 
from the equator to the poles; this decrease is caused 
by a corresponding decrease in the amount of heat and 
moisture. 

According to the horizontal distribution of plants, the 
surface of the earth is divided into the following zones: 
the tropical, sub-tropical, warm temperate, cold temper- 
ate, sub-arctic, and polar. 

The tropical zone is characterized by the prevalence o£ 
palms, bananas, spices, and aromatic plants. 

The sub-tropical zones are characterized by the preva- 
lence of laurels, myrtles, and magnolias. 

The tropical and sub-tropical zones, especially the 
former, are particularly characterized by an especial 
luxuriance of their vegetation. 

The warm temperate zones are characterized by forests 
of evergreen trees. 

The cold temperate zones are characterized by forests 
of deciduous trees. 

Deciduous trees are those which cast their leaves in 
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antumn. Oaks, birches, beeches, chestnuts, walnats, ma- 
ples, elms, larches, alders, and sycamores are among the 
most common of the decidnoas trees. 

Extensive grass-covered meadows are found in the cold 
temperate plant zones. 

The sub>arctic zone is characterized bj cone-bearing 
trees. The polar zone, by Alpine shrubs and mosses. 

Forests require, for their luxuriant growth, an abun- 
dance of moisture, evenly distributed throughout the 
year, or during the time the trees are growing. 

Steppes are regions covered with a scanty vegetation ; 
they are produced either by insufScient moisture, or its 
irregular distribution throughout the year. 



The principal cereals are barley, rye, oats, wheat, maize, 
com, and buckwheat. 

The principal food-plants of the tropical regions are 
rice, dates, cocoa-nuts, bananas, plantains, cassava, sago, 
yams, and bread-Aruit. 

Some of the most important plants cultivated for the 
beverages they yield, are tea, coffee, and cocoa. 

The principal spices are pepper, cloves, nutmegs, and 
cinnamon. The principal narcotics are opium, betel, 
hasheesh, and tobacco. 

Cotton, hemp, and flax are valuable as furnishing mate- 
rials for clothing. 

The cinchona-tree yields quinine. 



REVIEW QUESTIONS. 



What is protoplasm ? Of what does all life consist? 

In what respect are animals dependent upon plants for 
their existence ? 

Define plant geography. In what respect does it differ 
fh>m botany? Name the conditions requisite for plant 
growth. 

How do these conditions compare with each other in 
importance ? Describe the formation of soil. 

Why is soil of comparatively less importance to the ex- 
istence of vegetation than heat or moisture ? 

What do you understand by the horizontal distribution 
of vegetation? By the vertical distribution? 

What is the main cause of the difference in the flora of 
different parts of the world ? 

Why should the isothermal lines generally form the 
boundaries of the plant zones? 

Name the horizontal zones of vegetation. 

State the boundaries of each of these zones. 

What is the characteristic flora of the tropical zone? 

Why should the vegetation of the tropics be so much 
more luxuriant than that of the rest of the world ? 

Why should the same change be noticed in the vegeta- 
tion of a high tropical mountain, in passing from its base 
to its summit, as in passing along the earth's surface from 
the equator to the poles ? 

Describe the vertical vegetable zones. To what hori- 
zontal zone does each of these correspond? 

Name the conditions requisite for the luxuriant growth 



of forests. How do the forests of the cold temperate zones 
differ fh>m those of other zones? 

By what climatic conditions are steppes produced ? 

What conditions are requisite for the production of 
meadows and prairies? How are deserts produced? 

Name some of the more important cereals. 

Which of the cereals form the principal food-plants of 
the temperate zones? Which of the cereals has the far- 
thest northern range? Which is the most important? 

Name the principal food-plants of the tropical regions. 

What is the principal region for the cultivation of 
dates? Name the principal regions in the world noted 
for the successftil cultivation of the sugar-cane. 

Name the fruits of the tropical and warm temperate zones. 

In what portions of the world is coffee successfully cul- 
tivated ? Where is tea cultivated ? 

From what tree is chocolate obtained ? 

From what plant is black pepper obtained ? Where is 
the plant cultivated? 

From what are cloves obtained ? Where is the tree cul- 
tivated ? Where are nutmegs grown ? What is mace ? 

In what part of the world is cinnamon cultivated ? 

Name the principal narcotics used in different parts of 
the world. 

Name the plants which furnish valuable materials for 
clothing. 

From what tree is quinine obtained ? 

Name some of the principal vegetable dyes. 



MAP QUESTIONS. 



/ 
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Trace on the map showing the distribution of vegeta- 
tion, the parts of the world included in the tropical 
zone. 

Name the plants of the tropical zone which are charac- 
teristic of South America. Name those of Africa. Of 
India and Anstralia. 

Describe the principal region of the cocoa-nut palm, 
bread-fruit, sago, and yam in the eastern continent. 

Describe from the map the limits of the sub-tropical 
zones. Describe the characteristic flora of those por- 
tions of each of the continents which lie within these 
zones. 

Describe the limits of the warm temperate zones. Of 



the cold temperate zones. Of the sub-arctic zone. Of the 
polar zone. 

Trace on the map the northern limit of trees. Trace 
the southern limit of trees. 

Name some of the trees of the warm temperate sonea. 
Of the cold temperate zones. Of the sub-arctic zones. 

In what parts of the world are pasture-lands found ? 

Name the characteristic plants of the regions which lie 
north of the arctic circle. 

Trace on the map showing the vertical distribution of 
vepetation, the characteristic plants found in AfHca, be- 
tween the level of the sea and 5000 feet. In Europe. In 
Asia. In America. 
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ANIMAL LIFE. 



CHAPTER I. 
Zoological Geography. 

339. Zoological Geography treats of the dis- 
tributioa of animal life. The animals found In 
anj region of countiy are called its fauna. Like 
plants, animab appear to have been originally 
created in certain localities, from which they have 
spread, more or less, over adjoining areas. 

Though able to move about freely from place 
to place, animals are, nevertheless, restricted, by 
conditions of food and c/imote, to well-defined 
areas. Animals derive their sustenance, either 
directly or indirectly, from plants. 

340. Diftribation of Animal Life. — The distri- 
bution of heat, noitttire, and vegetaiitm forms the 
true basis for the distribution of animal life. 

We distinguish a horizontal and a vertical di*- 
tribution of animal life. 



Ab a rule, the luxuriance and diveraitT of ter- 
restrial animal lite decrease as we pass from tb« 
equator to the poles. A similar decrease is no- 
ticed in passing from the coasts of the continents 
toward the interior. Within the tropica, where 
the abundant heat and moisture produce a vigor- 
ous vegetation, all forms of terrestrial animal life, 
save man, attain the greatest development in sise, 
intelligence, and activity. As we proceed toward 
the poles, the species are less developed, although, 
in the temperate regions, large and vigorous ani- 
mals are still numerous. In the polar zones, the 
reindeer and white bear are the only representa- 
tives of the larger land animals. 

In marine animal life, the law of distribution 
is reversed, both the number and size of the 
species increasing from the equator toward the 
poles. This is probably due to the more equable 
temperature of the ocean in high latitudes. 

34L The Tertioal Distribntion of Life. — In 




Fig.llG. Vartlo] DlrtrlbntlOD tf AnImU Llfg. (After Black.) 



passing from the base to the summit of a tropical 
mountain, the same change is noticed in the spe- 
cies of animals, as in passing along the surface of 
the earth fVom the equator to the poles. 

Id the above chart, the names of the animals 
are placed at the greatest elevation at which they 
are found. The power of locomotion possessed by 
animals renders it extremely difficult to arrange 
the &una in zones according to the altitude. In 



general, however, the animals found on the slopes 
of tropical mountains, at elevations included be- 
tween the sea-level and from 5000 to 7000 feet, 
correspond to those inhabiting the tropical zone ; 
between 5000 or 7000 feet and 15,000 feet, to 
those of the temperate zones. The condor is 
found in the high Andes, far above the snow 
line. 
The fauna of hiKh mountain -nitiireB nre often ahaTply 
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marked. A particDlar species, at a given elevation on oue 
range, is rreqnantlr entirely wanting on a ncighboriDg 
diaconnected range, even when the same conditions of 
heat, moisture, and vegebiiioa exist. The temperature 
or Che intervening lower country, through which the ani- 
mals would have lo pass in order to reach the adjoining 
slopes, forms an impenetrable barrier. 

342. Vatnral Boondahei of Zone* of Animal 
Life. — harge bodiea of water, deeerta, or moun- 
tain-ranges, mark the boundaries of regions of 
animalB as well ae of plants ; but the influence 
of temperature is bo important, that even when 
these natural barriers are wanting, the horizontal 
range of animals is sharply marked by the iso- 
thermal lines. 

In North America, there are well-marked lonee of ani- 
mals, which extend from east to weetacroaa the contioent. 
Here, although no natural barriers exist to limit the wider 
range of the auimals, jet they seem uoable to permanently 
pass the limits of the isotherms, which mark the climatle 
MmdltloDB necessary to their vigorona growth. This in- 
ability doubtless arises from the distrihutioD of the flora, 
on which, directly or indirectly, they are dependent for 
their food. 

343. Aoolimation. — The power of becoming 
acelimated, or being able to live in a climate dif- 
fering from that in wliicb they were first created, 
appears to be possessed by animals, as a class, to 
an exceedingly limited extent 

Man, and his faithfol friend, the dog, form an exception 
to most other animals in this respect. They are able to 
endure both the severe heat of the tropica, and the rigor 
of tho Arctic regions. The reindeer thrives amid the 
■nowa of I.apland or Qreeuland, but perishes from the 
beat of St. PeteiBborg. Monkeys are indigenous to the 
tropius, but die with consumption, even in the compara- 
tively mild climato of the north temperate zones. 

344. Horisontal Diatribntion of Animal Life. 
— The vast number of species of animals, the pe- 
culiar laws of their growth, and their power of 
adaptation to change of circumstances, render 
their accurate distribution into zones or regions 
a task far beyond the scope of an elementary 
book. It will be sufficient for our purpose to 
divide the fauna of the earth into those found, in 
general, in the three mathematical climatic zones: 
the Torrid, the Temperate, and the Polar. The 
accurate limits of these zones would be found in 
the isotherms, but in a general description, little 
difference would be noticed. On the map, the 
actual limits of some of the more important ani- 
mals are given. These limits, it will be noticed, 
in most cases follow the general direction of the 
feotherms. 

345. Cliaraoteriitic Paona. — A careful study 



of the map of the distribution of animal life, will 
show that each continent possesses a fauna pecu- 
liar to itself. This arises, generally, ^om some 
clearly traceable peculiarity in the distribution 
of the heat and moisture, or in the nature of the 
vegetation. Some of these peculiarities will be 
dtsGussed in a brief review of the characteristic 
fauna of each of the continents. The following 
are the characteristic tropiexd, temperate, and are>- 
tic fauna. 

346. Tropical Panat. — The abundance of 
heat, moisture, and vegetation of the torrid 
zone causes its fauna to excel all the others 
in the number and diversity of terrestrial 
species, as well as in their size, strength, and 
8f^;acity. 

The following animals are found mainly within 
the regions of the earth included between the 
Tropics of Cancer and Capricorn. 

Wumm '^l'* are represented as follows: 

Monkeyg, by the man-like orang-ouiang, the 
baboon, and other spedes. 




Fig. us. Una, 

Camivora, or fUsh-eat in g mammaU, by the Hon, 
tiger, panther, and puma. 

Herbirora, or plant-eating mammaiU, by the tle- 
phant, rhinocero», tapir, and hippi^tamut, the 
horse-like zebra and qvagga, the giraffe or taxnA- 
opard, and the camel. 

Cetaeea, or whales, by the sperm vAale, found 
only in tropical or temperate waters. 

Cheiroptera, or batg, by a number of spedes. 

MareupiaU, by the kangaroo of Australia. 

Birde are represented, in tropical r^on^ hj 



Page 131. 




132 



PHYSICAL GEOGRAPHY. 



species noted for their great eize and strength, or 
for the brilJiant colors of their plumage. Among 
those noted for their size may be mentioned the 
condor, odrich, eagle, ibin, Jiamingo, and aieaouHtry ; 
among those espeeially noted for their plumage, 
the birdg of paradite, peacock, and parrots, and 
the humming-birds of South America, which lat- 
ter, though in leas brilliantly-colored plumage, 
extend nearly to the extreme limits of the north 
and south temperate zones. 




Flg.117. Alligator. 



Beptilea are represented by the eroeodile, alli- 
gator, iguana, gigantic lizard*, and turtles ; among 
seqwiits, the enormous boa-comlrietor, and num- 
bers of hooded and other venomous serpents. 

The Fish of tropicnl waters, though large and 
brightly colored, are not so well adapted for food 
as the more sombre varieties of the temperate or 
colder waters. 

347. Temperate Fanna. — The following luii- 
mals arc found mainly between the tropics and 
polar circles. Though fewer of tlie higher spe- 
cies of animals are found in the temperate zone 
than in the torrid zone, yet many of the fauna 
are of large size, and among them are fouud ani- 
mals most useful to man. 

The physical tropical Kone, as will he seen from an in- 
ipection of tbe map of plant liftt, actually citeDds. iu the 
eastern continent, tni Into the mathematical north tem- 
pentti' zone, and in these portions thn correspond in c trop- 
ical speeies occur. Thus, in Northern Africa and South- 
em Asia, are found the npe, ligtr, iUm, paHlhir, camtt, and 

Hammalia are represented as follows : 
Flpth-pating nuimmah, by the lynx, hyena, vvlf, 
Jack-til, do^,fox, racFooH, bear. Mat, and walriin. 
J^»/-^a<mff mirmmals, hy the viild boar and hog. 



the horse, aeg, ox, sheep, goat, and ehamoig, many 
of which have been domesticated, as tbe moone, 
elk, reindeer, stag, antelope, buffalo, camel, lUima, 
and numerous others. 

Cetacea, or whales, by the sperm and v.-kite 
tohale*. 

Rodentia, or gnawing mammals, hy the beavers, 
s^irrels, rats, and porcupines. 

Marsupials, by the kangaroo of Australia. 

The birds of the temperate zones are repre- 
Bented by the condor, vulture, hawk, eagle, owl. 




FiB.118. EiglH. 

and parrot (near the southern limit of the zone). 
The turkey, pheimant, and our common domesti- 
cated fowld also are natives of this zone. Here 
occur numerous birds which are noted for the 
sweetness of their song, as the wren, thrush, robin, 
nightingale, and lark; the pelican, albatross, and 
the aissowanj are found in this zone. 

Reptiles are represented by the alligator, croco- 
dile, and liiard, and the rattlesnake, copperhead, 
and various other serpents, both poisonous and 
harmless. 

348. Arctic Fauna. — The following animals 
are found mainly between the polar circles and 
the poles. The south arctic fauna is but little 
known ; the following description, therefore, re- 
fers mainly to the northern hemisphere: 

In the arctic regions of the world, the la^e 
land animals are, with n few exceptions, replaced 
by numerous smaller furry species. Throughout 
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the northern portions of the north temperate 
zone, and the southern portions of the arctic, 
Jiti-iearing animals are especially numerous and 
valuable. 

The white polar bear, the reindeer, moote, and 
the rmuh-ox, are among the largest of the land 
species; but in warmer regions of the oceans, nu- 
merous species exist, among which are individuals 
B8 large as any in the animal world. 

The Oriaitand gfcafe, which wmetlmesattaiDRthelenRth 
^ aeveDt; feet, and ia covered with blabber to a thick- 
BMB of two or three feet, is fonod oa\j la this zone. A 
•JmiUu', though smBllcr, npocies occurs iii the southern 
mten. The moI and leairui are klao funud in this zone. 




Fig. lie. B«»U ud Wahma. 



Besides the larger animals, numerous smaller 
species, such as minute to&phytet, molliuh, and 
eruetaceane, which form the food of the whale, 
and which, in some places, exi^t in immense 
numbers, inhabit the waters. Among birds, in- 
numerable vialer-/owl occur. 



CHAPTER II. 

Characteristic Fauna of the Conti- 
nents. 

349. Cluuraoteriitic Paona of the Continenti. 
—Each of the continents is characterized by some 
peculiarity in its fauna. This peculiarity arises 
either from the nature of the vegetation, or the 
distribution of the heat and moisture, and affords 



an excellent example of the intimate connection 
between the physical features of a country, and 
its flora and fauna. Only the general character- 
istics of the fauna will be given. 

For the partlcnlar RnitDals iahabiting each contlDent, 
the atadcDt is referred to the map of the distributioa of 
■ninial lite. 

350. Horth American Fanaa. — The chief cha- 
racteristic of the North American fauna is found 
in the preponderance of plant-eating mammals. 
This feature is due to the abundance of pasture- 
lands, and their luxuriant vegetation. From its 
extensive lake and river syetenie. North America 
is peculiarly fitted to sustain aquatic life ; hence, 
its numerous u-aler-fim-l and beaver. 

35L Fur-bearing animals are particnlarlv nu- 
merous and valuable. Three natural districts of 
fur-bearing animals exist : the Jorett region, the 
prairie region, and the barren regions of the 
north, each of which is characterized by a pecu- 
liar fauna. 

Forest HagUin —Here, among carnivota, are fonnd tb» 
hiaek bear, marten, ermine, mink, oiler, tbe nhKT fia, the Hack 
fox. and the lyNx; among the rodentia, the beater and 
MUii-rol; aiid amonK the rniainants, the Moon and rein- 
deer. The wolverine and wolf are found both in the for- 
est region and the barren grounds. 

Barren Grounas.— The broum nnd polar bean, the pofor 
fox, and the polar hare are characteristic. 

Prairie Segion, — The griBlji bear, the most fotnildable 
animal of the continent; the prairie vol/, and tbe gran fox 
are also fonud here. 

The puma, or the American lion, which is found 
also over the greater part of South America, is 
the most powerful representative of the lion and 
tiger tribe of the East. 

352. South American Faima. — The chief cha- 
racteristics of the South American fauna arise 
from the extreme luxuriance of it^ vegetation, 
due to the abundance of its moisture. In vast 
districts, as the Selvas of the Amazon, the vege- 
table world usurps the ground nearly to the ex- 
clu)iioM of the higher forms of animal life. The 
faumi is, therefore, as a rule, chnracterized by its 
fitmris for cxii^ting in connection with either an 
abundiince of water or of vegetation. 

Insect Life is peculiarly characteristic of the 
continent. Nowhere cW arc the species so nu- 
merous, so brilliantly colored, or so large. Here 
are found the largest of the beetles, and the most 
beautiful of the butterflies. 

Reptiles are lai^'ly represented. They find, 
in the tepid, sluggish wntere of the huge rivers, 
conditions most favorable to rapid growth. Here 
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live the crocodile, gigantic litarda, and many 

Among Bird*, the water species are in the as- 
cendance. Humining-birda, wliich occur also in 
North America, are found in great abundance in 
the southern continent. The condor \s found on 
the higher elopes throughout the Andea; the os- 
trieh, toucan, and parrot are al«> ohsracteriatic 

Among the Uammalia, the anl-eaivrs and slotla 
peculiarly characterize the continent. The tapir 
and peccary are the only reprejicntativea of the 
elephant, rhinoceros, and hip[>opotamuH of the 
Eastern continents. The llama, puma, and the 
preheimle-taUed monkeys are also characteristic 
of the region. 

The Sauth AmerEcan district of far-bearing animoZi ex- 
teods through [larta of Cliili and the Argentine Bopnblio. 
The marih bearer a the priucEpal animal. 

353. Asiatic Fauna. — Froni the great mass of 
land within the tropics, the fauna of Asia, besides 
its uuineroua arctic and temperate »])ecies, contains 
a great variety of tropical tbrms. 

Taken in connection with Northern Africa, 
Asia is essentially the region of extensive dry 
plains and arid tracts. The vegetation through* 




out its temperate climes is greatly inferior to that 
of America, but its animal life is marked by a 
ffjuch greater variety in the higher forms. Fore- 



most among these are the man-like vionkeys, the 
orang-outang, the elephant, the royaj tiger, and 
others. Fur-bearing aninialg are also numerous. 
Among birds, those with bright, gay-colored 
plumage abound. Reptiles also are repre- 
sented, though not to such an extent as in 
South America. 

When we bear in mind tliat in Asia, the horse, 
ass, goat, sheep, camel, swine, elephant, buffalo, 
and ox are found in great numbers, it will be 
seen that Asia, the home of primitiTe man, is 
also peculiarly the home of domesticated animals; 
that is, of the animals which man has trained to 
labor for him. 

The Asiatic diattict of fur-beariHff animaU iiicluden Si- 
beria. Kumlchalka, nnd the basin of the Amanr Biver in 
MantchooTia. The roUowiuK nTiimals arc vharadciistic: 
the brmm hear, badgfr, irnuel. erminr. lable, atlrr, martai, 
and many others. The furs of the rable, hlack fox, otter, 
and the enuiue, are considered tlie moat valuable. 

364. African Fauna, — The peculiarities of the 
northern portion of the continent have been al- 
ready pointed out in connection with Asia, It is 
a fact worthy of notice, that the great deserts of 
the world, like the Sahara, though nearly desti- 
tute of any vegetation, are able to sustain many 
of the highest species of animals. 

Over these tracts are found the lordly lion, the 
leopard, and the panther, and tlie numerous ani- 
mals on which they prey, such as the antelope, 
the xebra, the quagga, and others. All these 
possess powers of rapid locomotion, which pe- 
culiarly fit them for the arid plains over which 
they roam. 

In the remaining portions of Africa, the luxu- 
riant vegetation is cajiable of sustaining animals 
of a larger growth. Here occur the largest of 
the Mammalia, such as the clepliant, rhinoeerot, 
and hippopolamwi ; here also is found the giraffe, 
the largest of the ruminantia ; man-like monkega 
are also ciiaracteristic. 

3S5, Australian Fanna. — The more nearly per- 
feet isolation of Australia than any of the other 
continents, together with the peculiar distribu- 
tion of its heat and moisture, causes its fauna 
and flora to differ markedly from those of all 
the other continents. 

Australia is essentially the home oj the margv- 
piali. These are both carnivorous and herbivor- 
ous. The kangaroo is, perhaps, the most cha- 
racteristic of the marsupials. Large and power- 
ful animals are entirely absent; in this respect 
the continent offers a sharp contrast to Africa. 



The biids are also of peculiar spectee, Buch as the 
emu, eagaauiary, dodo, and apterix. 



CHAPTER III. 

The Distribution of the Human 
Race. 

306. Ethnography la that department of phys- 
ical geography which treute of the varieties of 
the human race, and their distribution. 

The range of the distribution of man is much 
greater than that of the lower animals, which, as 
we have already seen, with the trifling exception 
of a few that have been domesticated, are conflncd 
to certain limited localities. Man has far greater 
powers of adaptin^r himself to a change of cir- 
cumstances, and ii found in nearly all the climatic 
zones, from the equator to the poles, and at all 
elevations, from the level of the sea to the edge 
of the snow line. 

367. Vnity of the Human Eace. — Although 
the different races of men vary greatly in colm; 
nie, gtnture, and intelligence, still a number of 
circumstances point to their descent from a single 
&mily or species. 

(1.) The Anatomical Strnctnre in invariably 
the same in all races. 

(2.) Oradnal Modification of Types presented 
by the different races. The more marked out- 
ward peculiarities, which serve m the basis for 
dassification, pass into each other, by almost iii- 
wosible gradations, from the highest race to the 
lowest. This points to a gradual modification of 
a single, ori^nal race by changes in external cir- 
cumstances, thus ]>roducIng the pn><ent varieties. 
It would appear that all the varieties of the nice 
have deiicended from the Caucasians, or whites. 

(3.) Similarity of Earlier Hyths and Legends. 
Since the earlier myths and legendw of nearly all 
nations resemble each other, it i.s fair to infer tlnit 
their remote ancestors originally dwelt together. 

(.4.) Close Eesemblance of Langnage of Widely 
Separated Races. This may be regarded as the 
strongest proof of unity. 

If we examine the words used in different na- 
tions to express the most common ideas, we will 
find a remarkable similarity between many of 
them. For example, our word father is pita in 
9«,<aaCT\t, pater in Latin, pater in Greek, voter in 
German, andpire in French, The some similar- 



ity is noticeable in the words for mother, neter, 
brother, daaghler, God, and many others. The 
only rational explanation for the resemblance is, 
that the words were derived from the same parent 
language, the present differences having been 
gradually acquired, as the descendants of this 
earlier people wandered farther and farther Ax)m 
their common home. 

Aq extended compaTiBon made in this way between dif- 
ferent laiigusgea, iussbawu th« uimmun origin of the lan- 
guages uf Europe aud a large part u( AhIil It has been 
ooQcluaively proved tbat tliese tongucx owe tbeir origin 
(d one parent iialiaH, which dwelt, diirinR pn'-hiBtoric times, 
in tbe neigbborhood uf Ml. Ararat aud Mesopotamia. 

Other families of languages, such as the Chinese >ud 
Semitic, have beeti atadied, but thus far the connection 
between llie different families hu not been certainly e«- 
tabliabed. 




Fig. 131. Frimu; Baon of H«d. 



358. The Races of Men. — Among the varieties 
of the human race, three Etrongly-marked types 
are found : tiie Caueasian, the MoiigoHan, and 
the ytfjro. These, wliich may be regarded as the 
pritniiry races, arc groujK'd around three geograph- 
ical centres, whicli correspond nearly tn the cen- 
tres of the three divisitms of the Old World. 

The f 'aucnsian type is found in most of Europe 
and in Pouth-westprn Asia ; the Mongolian type, 
in those pjirts of Europe and Asia not occupied 
by the Caucasian; the Negro type, in Africa. 
Tlic other parts of the world are peopled mainly 
by three other races, which, in general, hear close 
resemblances to the preceding. These are ihe 
Malay, the American, and tlie Ajittralian. They 
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are called the secondary races, and appear to be 
modifications of the Mongolian. 

S69. Granial Characteristics. — The primary races are 
■harply distiDguished by the following types of skull : 

Gaucaaiaii. The skull is nearly oval, and the arch of 
the cheek-bones moderate. 

MoniTollan. The skull is nearly round, the occipito- 
frontal diameter, or the distance from the forehead to the 
beek of the head, is slightly greater than the parietal 
dimmeter, or that between the temples. 

Negro. The skull is elongated from the back of the 
head to the forehead ; that is, the occipito-frontal diam- 
eter greatly exceeds the parietal. The cheek-bones are 
large and prelecting. 

360. The Caucasian, or White Bace is charac- 
terized by a round or oval head; symmetrical 
features; vertical teeth; round or oval face; 
arched forehead; fair complexion, and ample 
beard. 

The Caucasian race inliabits South-western 
Asia (Hindostan, Persia, and Arabia), Northern 
Africa, and nearly the whole of Europe. The 
descendants of the race now people large portions 
of America, Australia, and Southern Africa. 

36L Divisions of the Caucasian Bace. — The 
Caucasian race may be divided into three branches : 
the Hamiiic, the Semitic^ and the JapJietic, 

(1.) The Hamitic Races originally inhabited 
Palestine, the shores of the Arabian Peninsula, 
and the valley of the Nile. They are now, how- 
ever, scarcely distinguishable from the other 
branches of the Caucasian race, with whom they 
have intermarried. 

(2.) The Semitic y or Sy^ro-Arabian Rac.es, com- 
prise the modem Syrians, the Jews or Hebrews, 
the inhabitants of Arabia and Abvssinia, and the 
greater part of Northern Africa. 

Among the ancient peoples belonging to this branch of 
the Oancasian race, are the Assyrians and Babylonians, 
the Israelites, Moabites, Ammonites, Edomites, Ishmael- 
ites, and Phoenicians. 

(3.) The Indo- Europeans, or the Ari/an Race, 

comprise the Japhetic race. They are the most 

civilized peoples of the world, and include the 

following nations: 

(1.) Cdtie NatunUf including the Irish, Welsh, Scots, and 
the Bretons of France. 

(2.) Romanic Nations, comprising the Italians, Simniards, 
Portuguese, and the French. 

(3.) The ancient Greeks. 

(4.) G^^mkinte Naiiowi, comprising the Germans. Anglo- 
flftxons (English), Dutch, Flemish, Danes. Swedes, and the 
Norwegians. 

(5.) Slawmie NattonSf comprising the Russians, Polos, 
Croats, and Czechs. 

(6.) Naiunu of the Iranian Plateau, comprising the Per- 
Belooches, and the Afghans. 

(7.) TkeHindooe, 
16 



362. The Mongolian, or Tellow Eace.— The 

chief chanictcristics of the Mongolian race are r 
broad head ; angular face ; high cheek-bones ; 
small, obliquely-set eyes ; straight, coarse, black 
hair ; scanty beard, and short stature. The color 
of the skin varies from pale lemon to brownish 
yellow. 

The Mongolian race includes the inhabitants 
of all of Asia, except a small part of the Malay 
Peninsula, and those portions of the continent 
occupied by the Caucasians. It also includes the 
Lapps and Finns, inhabiting the northern por- 
tions of Europe, the Turks of Europe, and the 
Magyars of Hungary, In America, the race is 
represented by the Esquimaux, who inhabit 
Greenland and the northern borders of the 
North American continent. 

In Central Asia, the race is represented hythe Thihetans, 
Chinese, Indo-Chinese, and others. 

In Northern Asia, by the Samoides, inhabiting the shores 
of the Arctic Ocean, from the Petchora to the Yenisei, and 
south to the Altai Mountains; the Ugrian, or Finnic races, 
inhabiting the upper valley of the Obe, and a part of 
Northern Europe ; the Tchooktchces, the Tungusians, and 
the Yakuts, of North-eastern Asia. 

Other branches of the race, are the Coreans, Japanese, 
Kamtchatdales, Koriaks, and the Mongols. 

363. The Negro, or Black Bace.-^ The chief 
characteristics of this race are : narrow and elon- 
gated head ; crisp and curly hair ; projecting 
jaws ; thick lips ; soft and silky skin ; color black 
or dusky ; scanty beard, especially on upper lip ; 
broad feet, and projecting heel-bones. 

The race inhabits the entire continent of 
Africa, excepting those i)arts occupied by the 
Caucasians. 

The following are the most important varieties of the 
race: the Juloffs, Mandingoes, and Ashantis. in the west- 
ern piirt; thf Tibboos, in the north central; the (iallas, 
in the eastern: the Congo Ncgnn's, in the suuth central; 
and the Hottentots and Kafhrs, in the ejctreme south. 

The Negro tribes differ greatly in their civili- 
zation : the Gallas, though cruel and vindictive, 
are a handsome, gifted race ; the Hottentots, on 
the contrary, are among the most debased creat- 
ures in existence. 

364. The Secondary Baces. — The Malay, or 
Brown Race ; the AuMralian; and the American, 
or Copper-colored Race, are modifications of the 

Mo n golia n Race. 

365. The Malay, or Brown Bace. — The princi- 
pal characteristics of this race are the same as 
those which distinj^uish the Mongolian ; the eyes, 
however, are horizontal, the face flat, and the hair 



lees coarse and straight. The color of the skin 
variee from a clear brown to a dark olive. In 
the Papuans, it is dark brown, and even black. 




This race inhabits the southern part of the 
Mnlay Peninsula, the island of Madagascar, and 
the islands of the Indian and Pacific Oceans. 

The diflerent peoples included under the Malay 
race present the most strongly marked contrasts. 
The Papuans, for example, differ widely in their 
appearance from the normal Malay. They are, 



perhaps, allied more closely to the Awtmliant 
than to any others. 

366. The Aoitraliau Kace is to be regarded bb 
a sub-variety of the Papuan branch of the Ma- 
lays. It inhabits all the continent of Australia 
not Bettled by the whites. 

The Australian race possesses the folIowiDg 
characteristics: the head is large; eyes deep-set; 
nose broad ; hair dark ; beard abundant The 
color of the skin varies from dark brown to deep 
black. The Anstralians are almost wholly desti- 
tute of civilization. 

367. The American, or Copper-colored Bace, 
though containing many widely differing varie- 
ties, yet possesses, in some respects, many com- 
mon features. Its general resemblance to the 
Mongolian is evident, but the top of the skull is 
more rounded, and the sides less angular. Tliis 
race, though once numerous and powerful, is now 
rapidly disappearing before the whites. 

In Lower California, Mexico, Peru, and Bra- 
zil, the old races have become mixed with Span- 
ish and other elements. 

The raian of temples, and once popnlom cities, m« eom- 
mon on the high Andean plateaus. These parts of the 
earth were inhabited at the time of the discoTery of tlie 
continent by a people who bad made conaidenble profiren 
!□ the art of working metals, and who were probably of 
Asiatic origin. 

The plateans of Central America eonlaio the traces of a 
still hiBber. though more ancient civlliiatlon, the origin 
of which is unknown, though some tnoe it t^i a Semitic 
or an Egyptian source. 



SYLLABUS. 



Tlie animals of any section of country are called its 

notwithstanding their powers of locomotion, animals 
an< rvstrictcd, by conditions of food and climate, to well- 
ilcflncd areas, 

Klnco BiiiuialB ate dependent for their existence upon 
plants, the heat and moistuTe of any given section of 
uijuntry form the true basis for the distribution of its 

We distinguish a horizontal and vertical distribution 

of animal life. 

The same change U noticed, In the species of animals. 

In passing from the base to the summit of high tropical 

nounlalns, as in passing along the sarface of the earth 

trola the equator to the pales- 
Terrestrial animal life attains its greatest development, 

hrth as regards luxuriance and diversity, within the 



Marine animal life attains its greatest development in 
the colder waters of the polar regions and vicinity. 
Man attaius bis greatest mental development in the 

As regards the vertical distribution of life, the faana of 
regions between the aea level and 5000 or 7000 feet, resem- 
bles. In general, that of the tropics; between the preced- 
ing and I'l.noo feet, that of the temperate zones. 

The bnundarivs of animal regions are, in general, t« be 
found In the i-iothermal lines. 

As a class, animals appear to possess to hot a limited de- 
gree the power of living in a climate differing greatly 
from that in which they were first created. 

The fauna of the earth may be conveniently arranged 
under three heads: the tropical, temperate, and aretic. 

The tropical fauna are characterized by the nnmber and 
diversity of terrestrial species, as well as their alae. 
strength, and sagacity. 
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In tropical fauna, the mammalia are represented as fol- 
lows: 

Monkeys, by the orang-outang, chimpanzee, gorilla, and 
baboon. 

Flesh-eating mammals, by the lion, tiger, panther, and 
poma. 

Plant-eating mammals, by the elephant, rhinoceros, ta- 
pir, hippopotamus, zebra, qnagga, giraffe, and camel. 

Marsupials, by the kangaroo. 

Birds are represented by the condor, ostrich, eagle, ibis, 
flamingo, cassowary, bird of paradise, peacock, and parrot. 

fieptiles, by the crocodile, alligator, iguana, and turtles. 

The temperate fauna, though characterized by fewer of 
the higher species of animals, yet contain many of large 
size, and among them animals of great use to man. 

In temperate fauna, the carnivorous mammalia are rep- 
resented by the lynx, hyena, wolf^ jackal, dog, fox, rac- 
coon, bear, seal, and walrus. 

The herbivorous mammalia, by the wild boar, hog, 
horse, ass, ox, sheep, goat, chamois, moose, elk, reindeer, 
stag, antelope, buffalo, camel, and llama. 

The gnawing mammals, by the beaver, squirrel, rat, and 
porcupine. 

The whale, by the sperm and white whale. 

The marsupials, by the kangaroo. 

Birds, by the condor, vulture, hawk, eagle, owl, parrot, 
tbrkey, pheasant, wren, thrush, robin, nightingale, lark, 
pelican, and albatross. 

The arctic fauna contain but comparatively few large 
land species; the chief characteristics are numerous 
■mailer furry species. 

In the marine arctic fauna numerous species are found, 
8ome of which, as the whale, are among the largest in the 
animal world. 

The terrestrial arctic fauna are characterized by the fol- 
lowing animals: the white polar bear, the reindeer, the 
moose, and the musk-ox. , 

The marine fauna, by the Greenland whale, the seal, 
and the walrus. 

The peculiar distribution of the vegetation of the con- 
tinents produces corresponding peculiarities in their cha- 
racteristic fauna. 

The North American continent is characterized by the 
preponderance of its plant-eating mammals. The cause 
of this peculiarity is to be found in the abundance of its 
pasture lands. 

Fur-bearing animals particularly characterize the north- 
em and central portions of North America. 

There are three natural districts of fur-bearing animals 
in North America : 1. The forest region ; 2. The barren 
grounds; 3. The prairie regions. 

The South American continent is especially character- 
iied by the predominance of reptilian life, aquatic birds. 



and insects. The cause of the peculiarity is traceable to 
the predominance of the vegetable life over the animal. 

The Asiatic continent is especially characterized as 
being the original home of most of the animals which 
man has domesticated. The cause of this peculiarity is 
traceable to the fact that Asia was the primitive home of 
man himself. 

The great deserts of Africa are characterized by the 
presence of animals which are peculiarly noted for their 
swiftness of locomotion. 

In the remaining portions of Africa, the luxuriant vege- 
tation sustains animals of a larger, bulkier growth; as, for 
example, the elephant, rhinoceros, hippopotamus, and the 
giraffe. 

Australia is peculiarly characterized by the presence of 
the marsupials. It is the home of the kangaroo, the most 
important of the marsupials. 

Ethnography treats of the varieties of the human race, 
and their distribution. 

Man has a wider range of distribution than any other 
animal. 

It is believed by most that all the varieties of the hu- 
man race were originally 4e8cended from one family. 

Though greatly different in color, size, stature, and in- 
telligence, the general anatomical structure, the basis on 
which all other animals are classified, is invariably the 
same, even in the most widely differing races. 

The languages of Europe and of a large portion of Asia, 
appear to owe their origin to one parent nation, which 
dwelt, during pre-historic time, in the neighborhood of 
Mount Ararat and Mesopotamia. 

The primary races are the Caucasian, the Mongolian, 
and the Negro. 

The secondary races are modifications of the Mongolian : 
they are the Malay, the American, and the Australian. 

The Caucasian race inhabits South-western Asia, North- 
ern Africa, and nearly the whole of Europe. 

The Caucasian race may be divided into three branches : 
the Hamitic, the Semitic, and the Japhetic, or the Indo- 
Europeans. 

The Mongolian race inhabits all of Asia, except a small 
part of the Malay Peninsula and those portions of the 
continent occupied by the Caucasians. 

The Chinese, Japanese, Esquimaux, Lapps, Finns, Turks, 
and Magyars, are among the most important of the Mon- 
golians. 

The Negro race inhabits all the continent of Africa not 
occupied by the Caucasians. 

The Malay race inhabits the southern part of the Malay 
Peninsula, Madagascar, and the islands of the Indian and 
Pacific Oceans. 

The Australian race inhabits all the continent of Aus- 
tralia not settled by the whites. 
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Define loological geography. Fauna. 

Why shonld the distribution of heat and moisture form 
the tme basis for the distribution of animal life? 

Distinguish between the horizontal and the vertical dis- 
tribution of animals. 

What difference exists between terrestrial tropical fauna 
and marine tropical fauna ? 

Between what limits, in the vertical distribution of ani- 



mals, do the fauna of a tropical mountain-range resemble 
that of the tropical horizontal zone? Of the temperate 
zone? 

What lines generally form the boundaries of animal 
regions? 

Which possesses the gn^eater power of acclimation, man 
or the inferior animals? 

State the characteristics of the tropical fauna, naming 
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the prlDolpal cuulTan, herbiTon, ceUcsa, cheiroptera, 
manupiaU, biidg, uid reptllea- 

Stat« the characterUtics of the l«mpei»(e fknna, naming 
tlie priDoipal camivon, herbivom, rodentia, celacea, mar- 
anpiaU, birds, aad reptilea. 

SI«I« the cbMacteristics of the arctic fauna, naming the 
characteristic terrestrial and marine Bpectes. 

Wliat pecniiaritiei ehataeterize the fauna of North 
Amerieat Wliat is the cause of these peculiarities? 

What are the pecaliaritiea of the fkuca of the South 
American oontinentf What is the cause of these pecn- 
liaritleal 

What is the main peculiarity of the Asiatic fauna ? 

Describe the districta of fur-bearing auimola of North 
America. Of Asia. 

For wliat peeullarltj are the animals of the dceerte of 
Afrioa and Arabia noted? 

What is the main chaneteristio of the AoMntlian &Qna? 



1 be adduced to show the probable 



Define etbnographj. 

WI)Bt arguments cai 
nnitj of the human rs 

Name the primar; n(C«s. 

Name the secondary races. 

Into what three branches may the Caucasian raee be 
divided ? 

What peoples hare dewended bom the Aryans or the 
Indo- Europeans ? 

Name the principal Cbltic nations. 

What nationa liave spraDg from the ancient BoroanaT 

What nations have descended from the Germans? 

Name the Slavonic nations. The Innlaus. 

Name the parts of the world inhabited by each of the 
primary and secondary iMea. 

Describe the pecalisritiee of each of these rMMt. 

Name a few of the peoples which belong to each of tiie 



MAP QUESTION S. 



Tnoe on the map of the Vertical DistribntloD of Ani- 
mal Life, the characteristic fauna in those parte of each 
of the continents, lying between the level of the sea and 
6000 feet Between 5000 and 10,000 feet. Between 10,000 
and 15,000 feet. Between 15,000 and 20,000 feet. 

Name tram the map of the Distribution of AnimalH, the 
tropical speciee of Uie Americas. Of Africa. Of Asia. 
Of Australia. 

Name, in a similar manner, the temperate and arctic 
■peeiee of the Americas. OfEnrope. Africa. Aela. Aus- 
tralia. 

In what portions of the world Is the eeal found T The 
walme? The wbale? 

Trace on the map the southern limit of the polar Iwar. 
Of the reindeer. Of monkeys. Of the elephant and rhi- 
noceros. The northern limit of the camel. Of monkeys. 



Locate the chief districts of venomona serpsnts In the 
eastern and western hemispheres. 

Describe the region of the musk-ox. Of the grislly 
bear. Of the buflklo. 

State, from the Ethnographic Map, the portions of tbe 
world inhabited by the Caucasian race. The Mongolian 
race. The Ethiopian race. The Malay race. The Amer- 
ican race. The Aurtrallan race. 

What dlfTerent peoples dwell north of the arctic drolef 
Soatb of the tropic of Ckpricom? 

Trace on the map the northern limit of pennanent 
habitation. The southern limit. 

What race inhabits HindoelAnT WhatpeopleT What 
race Inbablta Abyssinia? What people? Oreenland? 
Patagonia? China? Mexico? France and Spain ? North- 
em Norway and Sweden? Arabia? T' ' 
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Part YI. 

THE PHYSICAL FEATURES OF THE UNITED STATES. 




The CIV 1 zat on and development of a country are dependent n a arked degree, on the pecu- 
Iiantiee of ts pbys cal features The so 1 and climate exert the r nflucnce on the vegetable and animal 
life and these in turn react on man If proper so 1 and 1 mate ex at if the peculiarities of the 
earftux structure permit of readj ntercommun cat on and f extens \e deposits of coal and valuable 
metak occur the liiture development of the country s assured 

The phye cal features of the magn Gcent domai i of the United States are such as seem to destine it to 
become the theatre of the civilization of the future. The peculiarities of its pwition and extent, the 
nature of its soil, the climate, and rainfall, the size and constancy of its navigable rivers, and the extent 
and variety of its valuable mineral deposits, eminently fit it to sustain a very high order of civilization. 



CHAPTER I. 

Surface Structure of the United 
States, exclusive of Alaska. 

368. SitoatlonandExtent— The United States 
occupies the entire breadth of the North American 
continent, between lat. 49° N., and 24° Sff N. and 
extends from long, 66" 50* W. from Greenwich, to 
124° 31' W. The total area, exclusive of Alaska, 
IB 3,026,500 square milea. 



369. Coast Line. — The coast line is compara- 
tively simple and unbroken. On the east, the 
Atlantic Ocean extends into the land in three 
wide curves; on the south, is the deep indenta- 
tion of the Mexican Gulf; on the west, the land ifl 
thrust out into the Pacific in an almost unbroken 
curve. The total coast line, exclusive of the ad- 
joining islands and Alaska, is about 12,609 miles. 

370. Otilfa and Bays. — The principal indentar 
tions on the eastern coast are Long Island Sound, 
Delaware and Chesapeake Bays, and Albemarla 
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and Pamlico Sounds. On the western coast are 
the Gulf of Georgia and the fine harbor of the 
Bay of San Franciaco. 

Tlie Atlantic flliorea slope gently toward the 
ocean; the Pacific shores are abrupt, 

371. IslandB. — The islauda of the Atlantic coast 
are of three distinct classes : those north of Cape 
Cod are, for the most jiart, rocky, and are de- 
tached portions of the mainland ; those south of 
Cape Cod are generally low and sandy, and are, 
for the moat part, of flu vio- marine formation , those 
off the coast of Florida are of mangrove forma 
tion. Od the Pacilic coast are the Santa Barbara 
Islands, a rocky group south-west of California, 
and Vancouver Island, north-west of Washington 




Fig. 123. View 



372, Kangrovfl Islands. — Mangrove trees grow 
in dense jungles, on low muddy shores, in tropical 
regions. From both trunks and branches the 
trees throw out air-roots, which spread so as to 
cover the adjoining spaces in an almast intcrmin- 
able network of roots and branches. The area of 
surface covered by the trees is still further in- 
creased by the curious property which the seeds 
posesB of sprouting while on the tree, sulee- 
qaently floating away, and afterward afiising 
themselvea to the bottom of the jungle, to form 
new growths. In this way, the trees form man- 
grove islands, which at firet are not true islands, 
the trees simply standing above the water by 
means of their intertwined roots. In course of 
time, however, sediment, collecting between the 
roots of the trees, forms islands. These islands 
are common in the shallow water olT the coasts 
of Florida. 

373. Coral See& of Florida. — The peninsula 
of Florida, south of the northern extremity of the 
Everglades, and probably as far north on the 



eastern coast as St. Augustine, is, according to 
Agassiz, a species of coral formation, formed, 
however, under difTerent conditions than are the 
coral islands of the Pacific. 




Tig. 136. EnigUdu, Bub, uid E«p of FIdtIIl (LeOoat*.) 

F<^r? 134 is ft map of Florida with iU reefs &iid kpjn. 
Figure 135. ia a sectiun oIdur the line A. A. lu Fig. 124 
the line a a, ehowB irhiit nas at one time the limit of (be 
■onllieni cooat of Florida, b b, is tho prcseut limit of tha 
■onlhern cnaitt, ee, arc the keys, whieh are low lalindi. 
dd, is tho fToirinji coral reef, r, ia the Everglndra, dotted 
with islands, lulled hunmocii, Bi'tween ce, and d d, ia 
the ship channel. Outaidr the grawing f oral ntf d d, mn 
theprofounddeplhsof the Gulf Stream G.S. 

The growth of the recf-rormations is ciplaiued by 
LeConte as fullows (Fig. 1^) : a, tras at one time the limit 
of the noulhern eoastof Kloridii, b, is the present sou them 
coaal. which at one time wu a roml ri^f like d. Upon (, 
a line of comi islands grailunlly fiirmed connecting It 
with Che old southern eoaat o. The ship channel between 
0, and i. gradnally filled up and formed the Everglades ». 
Meanwhile, anoliier reef formed, in the position of tha 
present keys, e, the ship channel being between ft, and e. 
This reef has now grown to be a line of coral islands, 
and the ship channel, between A, and r, converted lnt« 
shoals and mnd flats, /, The present ship cbanoel la 
between e, and d. In coarse of time the southern coaat 
will extend to the present line of keys, c, and the slioal 
water /. will become another Everglades. Outside tha 
present keys r, another coral reef d, in growing, to which 
the coast will ultimately eitenil, and which will mark 
the limit of the formation, owing to the deep watera 
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of the Gulf Strewn, immediately hey 
]%, the dotted liues ebow 
foriDatlan. 

374. Forms of Belief.— The United States u 
traversed by two distinct mouu tain -gy stems : the 
Pacific System — tlie predominant system — on the 
west, and the Appalachian System — the secondary 
system — on the cnst. 

375. The Pacific SyBtem, consists of a broad 
plateau, traversed by two distinct mountain-sys- 
tems: the Rocky Mountains, and the Pacific 
mountain -chains. It embraces about one-third 
of the entire territory of the United States 
proper. 

376. The Booky Hountaia Syttem, consists of 
a number of parallel chains connected by numer- 
ous cross ranges. They ri:-e from the summits of 
an elevated plateau, which in some places is fully 
7000 feet above tl e aea fhe chains arc broken 
in several places bj transverse valleys or passes 
traversed by important rivers The moat n port- 
ant of these passes la '^uth Pass m AAjoning 
traversed by the Sweet W ater River a tr butary 
of the Platte. The Missouri Rio Graide and 
Other rivers also flow through aimilar depressions 

The chains are separated Into northern and sootl eni 
•eotioiiB by a gap nccup ed bv an 1 vated j latcau over 
which the Union Pu. & Ballroad pusses. 

Among the many loft\ peaks of tl s mount in 
eystem are Long s Peak 14 feet Pikes Peak 
14,216 feet ; and Fremont s Peak 1 J 5iO feet high 

A remarkable feature of tl e?a n annta na is the bus n 
ahaped vallcjB. callwl parks form d by ira s^erse ranges 
Doonecting the parallel rauK s The most mportant of 
these parka are \ortb South and M ddle Parks Tl ey 
arc nearly rcclang lar n outi n and are hen med n bv 
huge mountain -ranges Each park giiea rlae to an ni 
portont river. The rich verdure of these deeply sankea 
banina ii rendered the more strik i g by contrast w th the 
desolate moiintBina sarround ng them 

The YelloirstoDO Nat onal Park in the north western 
part of Wyoming, is tiaverwd by aome of the I ead natirs 
of the Yellowatono H r It is a reg on of hot spr nga 
deep gorgts, high mouuta n peaks, and magn fieenCBL ery 
It boa been set apart by the government for the purposes of 
a public park. 

The Oreat Plat u an elevated plateau he 
along the eastern s de of the Rocky Mounta ns 
They are undulatng plains which elope by 
almost imperceptible gradations to the valle} 
of the Mississippi Thev are treeless and near 
the base of the mtuntains have but a scant) 
vegetation. Near the lower part of the slope 
they merge into prames covered with a luxun 
Mat growth of grass. 



377. The Pacific Hoimtaiii-CIiaini extend 
through California, Oregon, and Washington, 
and, ill general, are parallel to the Rocky Moun- 
tains. They comprise the Cascade Mountains in 
Oregon and Washington, and the Sierra Nevada 
and the Coast Mountains in California. 

a lie mainly west 

The loftiest peaks of the Pacific Mountain- 
chain exceed those of the Rocky Mountains in 
height. The highest peaks are Mt. Rainier in 
the Cascade Range, 14,444 feet high ; and in the 
Sierra Nevada Range, Mt. Shasta, 14,482 feet 
high, and Mt. Whitney, 14,800 feet high. 

The culminating point of the Pacific Mountain- 
chains is Mount St. Elias, in Alaska, which is es- 
timated to be 19,500 feet high. 

The Cascade Mountains contain numerous ex- 
tinct \ olconocs 
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anil ningeB of Colorado, lies a region drained by the head' 
WAlen of the Colorado. Tbia region, togsther with the 
conntrj' lyiDg in the middle courses of the river, ia a won- 
derral section of conntrj-, travereed by stn-'ams that have 
eroded their valleys and flon through deep caQons, some 
of which are over 6000 feet deep. A view of a part of oue 
of the tnoat noted of these cations ia showa iu Fig. 136. 

378. The Appalachian System, sometimes called 
the Alleghany Mountains, extends from Georgia 
to Maine, nearly parallel to tlie Atlai'.tic. The 
chain rariea in breadth from 150 to 200 mile^. 
The Bystem consists of an etevuted plateau, 
bearing several mountain-ehains, separated by 
wide valleys. In the northern and southern 
parts of the chain, where the elevation is the 
greatest, the system is formed of irregular groups, 
without any definite direction. In the centre, 
low parallel chains occur separated by tertile val- 
leys. These valleys generally take the names of 
the rivers which flow through them. 

The system is highest in North Carolina, where 
Mt, Mitchell, 6707 feet high, forms its culminat- 
ing point. 

Beginning in the north, the system includes the 
White Moimtaine in Ntw Iiani[)shire, with Mount 




Fig, 127. Ths Bittuil Bridge (Virginia). 



Washington, 0294 feet high ; the ffrf *■)» ^Tuuninim, 
Id Vermont; the Adiroiidaein. in New York, with 



the culminating peak of Mount Marcy, 5379 feet 
high i the CaUkill Mountains, tlie Blue MowiUiiii», 
the Alkghanieg, the Blue Ridge, the Oumberland 
Mountains, and others. 



379. FlaiiLB. — There are two great low plains 
in the United States: the Atlantic Coast Plain 
and the Plain of the Mississippi Valley. 

The Atlantic Coast Plain lies along the eastern 
flanks of the Appalachian Mountains. It varies 
in width from 50 to 250 miles. Along the coast 
the soil is comparatively sandy, and has been 
formed by the combined action of the rivers and 
ocean. 

The extensive enatups whiuh oeenr in tbls regloa — such 
BR CjpreBs Swamp, In Delaware, Dismal Swamp, Dorth of 
Alhemarlc Sound, Alligator Swamp, between Albemarle 
and Pamlico Sounds, and Ohellnokee Swamp, in Southern 
Gearitia — are of fluvio-marine origin. The Everglade*, in 
Florida, are the result of a Coral formation. Farther from 
tbe coast, the plain is more elevated ; long valleys occar, 
which are ver; fertile, particularly near the river bottoms. 

The Mississippi Valley lies between the predomi- 
nant and the secondary mountain -systems. It is 
over 300,000 square miles in area, and includes 
some of the most fertile land in the country. 
Much of it is covered with forests or prairies. 

380. Eiver- and lake-Systems.— The United 
States is particularly noted for the number and 
extent of its navigable rNers. 

Oceanic Drainage — Atlantic System.— .\mong 
the important rivere emptying directly into the 
Atlantic Ocean are the Penobscot, Merrimac, 
Connecticut, Hudson, Delaware, Susquehanna, 




Roanoke, Cape Fear, Santee, Savannah, Alti^ 

niaha, and the Ut. John's. 
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Of the rivers flowing into the Mexican Gulf, 
the Appalachicola, Alabama, Mississippi, Sabine, 
Trinity, Brazos, Colorado, and the Rio Grande are 
the most important. 

The Mississippi, taking its origin in the head-waters of 
the Missouri — which is the true parent stream — is the long- 
est river in the world, its length heing 4490 miles. Its 
tributaries are, in general, navigable for great distances, 
and thus afford ready communication with different parts 
of the basin. The important tributaries of the Mississippi 
on the west are the Minnesota, the Missouri, the Arkansas, 
and the Bed. On the east, the Wisconsin, the Illinois, and 
the Ohio. 

The Pacific System. — ^The principal rivers emp- 
tying into the Pacific Ocean are the Columbia, 
Sacramento, San Joaquin, and the Colorado. 

381 Inland Drainage. — The rivers and lakes 
of the Great Basin have no outlet to the ocean, 
and therefore form true steppe systems. Great 
Salt and Humboldt lakes are the principal lakes, 
and the Humboldt and the Reese, the principal 
rivers. 

There are two regions in the United States below the 
mean level of the sea : 

(1.) In the southern part of California, in Soda Valley, 
200 feet below the sea. 

(2.) Death Valley in Eastern California. These regions 
are extremely arid. 

382. Lake-Systems. — The most important lake- 
system of the United States lies in the northern 
part. It includes, among numerous others, five 
of the largest fresh-water lakes in the world: 
Superior^ Michigan, Huran, Erie, and Ontario. 
From their immense extent, they resemble great 
inland seas. 

Numerous fluviatUe or river lakes occur near the borders 
of the middle and lower courses of the Mississippi and its 
tributaries. They are nearly all found in the States west 
of the Mississippi. 
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CHAPTER II. 

Meteorology. 

383. Climate.— The United States, exclusive of 
Alaska, lies entirely within the limits of the mathe- 
matical north temperate zone. 

Physical Zones. — As regards the actual distri- 
bution of heat, the United States lies between 
the annual isothermal lines of 40® and 77*^ Fahr. 
Its territory therefore embraces two zones of phys- 
ical climate, the phyncal north temperate and the 
phygical torrid zones. The isotherm of 70°, the 
boundary of the physical torrid zone, passes 



through Florida, Louisiana, Texas, and Arizona. 
All of the country south of this line lies in the 
physical torrid zone; all north of it, in the 
physical north temperate zone. 

The Territory of Alaska lies in the north frigid 
and north temperate zones. 

884. Mean Annual iBOtherms. — The following pecu- 
liarities in the mean annual distribution of heat, will be 
Been from a study of the mean annual isotherms on the 
map (page 141): 

The iaotherm of 40°, the lowest mean annual tempera- 
ture, is found in a few elevated districts in New England, 
in the elevated districts around Lake Superior, and in the 
higher plateaus of the Rocky Mountains. 

The isotherm of 45°, east of the Mississippi, runs slightly 
north of the 44° of N. lat., and, except in New York, Ver- 
mont, and New Hampshire, is nearly parallel with it. In 
the Dakotas it bends toward the north-west, reaching 
the northern boundary of the United States in Mon- 
tana, when it bends suddenly toward the south-east, until 
it reaches Central Colorado, where, nearly parallel with 
its southwari deflection, it again turns abruptly to the 
north. 

The isotherm of 50° is nearly parallel with the 41° N. 
lat., until it reaches Colorado, when it bends sharply south 
to the 36° lat. ; then it extends in a nearly direct line 
toward the north-west, entering the Pacific coast some- 
what to the north of Washington. 

The isotherm of 55° enters the Atlantic coast at lat. 40° ; 
it then extends south-west to Tennessee; thence north- 
ward to Kentucky, from which its course is nearly due 
west to Indian Territory, when it bends southward to 
about lat. 34° in New Mexico. From this point it extends 
in a nearly direct north-westerly course to lat. 41° in 
Northern California, when it bends sharply to the south, 
entering the Pacific Ocean at about lat. 36°. 

The isotherm of 52.5°, traced only on the western half 
of the map, starts from the north-western part of New 
Mexico, and runs in a nearly direct north-westerly course 
to North-eastern Nevada, when it divides, the northern 
branch extending to the north-western extremity of 
Washington, and the southern entering the Pacific in 
the neighborhood of San Francisco. 

The isotherm of 60° enters the Atlantic coast at Norfolk, 
Virginia ; it then trends south-west to Northern Georgia, 
Crom which its course is nearly due west until it reaches 
Indian Territory, when it runs south-west to New Mexico. 
Here it divides into two branches: the northern extends 
in irregular curves to lat. 40° in California, when it bends 
sharply to the south-east, entering the Pacific at about lat. 
34°. The southern branch enters the Gulf of California 
at about lat. 25°. 

The isotherm of 70° extends through Northern Florida, 
Southern Louisiigia, and Texas. 

The isotherm of 75° extends through Southern Florida. 

385. Climatie Contrasts. — There is a marked 
contrast between the climate of the eastern and 
western coasts of the United States. The eastern 
coast is colder than the western. 

The difference in temperature is greater in the 
north ; the mean annual temperature of the coast, 
between New Jersey and Maine, is from 52*^ to 
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42** Fahr., while on the shores of California, 
Oregon, and Washington, the mean is nowhere 
lower than 52^, and in many places is much 
higher. 

In the southern portions of the eastern and 
western coasts, the contrast is not so decided, 
owing to the peculiarly cool summers in the west- 
em part of the continent. 

The Atiawtie seaboard is much colder than corresponding 
latitudes on the western coasts of Euroiie. For example, 
the latitude of New York City is about the same as that 
of Madrid, Naples, and Constantinople; of Boston, the 
same as that of Rome ; of Portland, Maine, the same as 
that of Marseilles ; of Quebec, nearly that of Paris ; and 
yet what a striking difference in their climates! 

The western shores of America are, however, quite as 
warm as those of Europe. Sitka, in lat. 57°, has a winter 
mean very nearly the same as that of Edinburgh, in the 
same latitude. 

The higher mean annual temperature of the western 
coasts over that of the eastern will prove of great signifi- 
cance in the future history of the United States, since our 
western shores will admit of cultivation and settlement for 
a much greater distance north than will the eastern. " The 
difference," says Blodget, "covers 12° to 15° of latitude on 
the coast of the Pacific, and from 5° to 40° on the plains 
east of the Bocky Mountains. 

The sharp contrast between the climate of the 
eastern and western shores is caused bv the at- 
mospheric and oceanic circulation, which, in both 
cases, is from tvest to east; hence, the higher tem- 
perature of the western shores, on account of the 
warm, vapor-laden winds from the Pacific, the 
comparatively heavy rainfall, and the warm ocean 
currents. The cold Arctic current, which comes 
from Baffin Bay down the Atlantic seaboard, 
reduces the mean annual temperature of the 
eastern coast. 

On the south, the Gulf Stream, emerging from 
between Florida and Cuba, tends to raise the tem- 
perature of the southern portions of the seaboard, 
though its greatest influence is exerted on the dis- 
tant shores of Euroi>e. On the Pacific coast, the 
Japan current, after leaving the Asiatic shores, 
flows southward along the North American coasts, 
bathing them with its highly heated waters. 

386. Constaney of the Climate. — From obser- 
vations extending back as far as the year 1738, it 
appears, that from that time, the climate of the 
United States has undergone no decided change. 

387. Distribution of Wind and Bain.— The 
United States lie in the zone of the variable 
winds. Westerly mnds, therefore,- predominate, 

388. Precipitations. — The domain of the 
United States is well watered, copious rains fall- 
ing over nearly all portions of the surface, espe- 



cially on those which lie east of the predominant 
mountain-system. 

East of the 100th meridian from Greenwich, 
an average of at least 40 inches, or 3i feet, falls 
throughout the year. From this large rainfall, 
it is evident that the evaporation, which supplies 
the winds with moisture, must take place in the 
equatorial regions, and that, in general, the upper 
currents of equatorial winds bring the rain. The 
open sweep afforded to the winds by the Gulf of 
Mexico and the Mississippi Valley, increases the 
rainfall of the Gulf States. 

The heaviest annual rainfall is 65 inches, and 
occurs near the borders of the Gulf States, and 
along the Pacific seaboard in Washington and 
Oregon. Along the Atlantic border, it varies 
from 40 to 45 inches ; in the upper half of the 
Mississippi Valley, it varies from 25 to 40 inches ; 
in the lower half, from 40 to 65 inches ; in the 
upper course of the Missouri and the region of 
the Yellowstone, from 20 to 22 inches; in por- 
tions of the Great Basin the rainfall is very 
limited, being but from 5 to 10 inches. 

As regards its distribution in timet ^^^ '^ pos- 
sible at all seasons of the year over most of the 
country ; over some portions, however, it is peri- 
odical in character, these districts having a rainy 
and a dry season. 

East of the Mississippi River, rain may fall at 
any time of the year. Near the Atlantic coast, 
rain is especially abundant in the spring. 

West of the Mississippi the rainfall is more 
irregular. In Washington, on the Pacific coast, 
rain may fall at any time duriug the year. 
On other parts of the Pacific coast, rnin is most 
frequent in winter; during the summer, it is 
either scanty or wholly absent. This periodicity 
in the distribution occurs mainly in the region 
near the coast. In the interior, the precipitation 
is more irregular. 

389. The Weather Bureau.— Considerable light 
has been thrown on the nieteorological conditions 
of the United States by the operations of the 
"Weather Bureau." 

The Weather Bureau was established by an 
Act of Congress in February, 1870, authorizing 
the Secretary of War to establish and equip 
stations in different parts of the country, where 
such simultaneous observations of the meteor- 
ological conditions of the atmosphere could be 
taken, as would enable the Department to give 
timely notice to all important ports on the Atlantic 
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coast and Great Lakes of the approach of danger- 
ous storms, and to collect such information as 
would be of value to shipping and other interests. 

In 1890, the direction of the Weather Bureau was, by 
Act of Congress, taken from the War Department and 
timnsferred to the Department of Agriculture. 

There are about 500 stations established by 
the Weather Bureau in different sections of 
the United States. At these stations there are 
trained and intelligent observers, who several 
times each day are simultaneously required to 
make careful observations of the temperature, 
humidity, and pressure of the air, the direction 
and force of the wind, the clearness or cloudiness 
of the sky, and the amount of rain or snow that 
has fallen during a given time. 

These observations are telegraphed to the Cen- 
tral Office at Washington, so that the Bureau is 
enabled to see the actual meteorological condi- 
tions which exist throughout the country at any 
given time, and from such knowledge, guided by 
previous experience, to prepare "synopses" of 
the weather and " indications," or forecasts. 

For the preparation of the "indications" the officer in 
eharge prepares a number of graphic charU, based on the 
■vmrious data telegraphed to the Central Offic-e, as the result 
of the simultaneous observations at the different stations. 
These charts exhibit the actual meteorological conditions 
that then exist, those that existed during the previous 
eight hours, and the previous twenty-four hours, and the 
conditions normal for the place at that particular time of 
the year. The data shown on these charts include the 
temperature, barometric pressure, humidity of the air, 
pvecipitation, condition of sky, force and direction of 
wind, etc The '* indications " are telegraphed to the press 
thronghout the country. In general about 85 per cent, of 
these indications are verified. 

It should be borne in mind, in considering this very 
large percentage of verified forecasts, that the indications 
are predicted for extended areas, and, therefore, although 
the change may not have occurred in some limited section 
of the predicted area, it may have oecurri'd in nearly all 
the other portions of the region. 

Changes in the Weather — ^Passage of a Great 
Storm. — Since nearly all the great storras of the 
United States are species of cyclones, that move 
over the country in a general easterly direction, 
when such a storm is once started it is not a dif- 
ficult matter to predict its general path, and thus 
foretell coming changes in the weather. 

The principal elements of uncertainty are the exact path 
in which the storm will move over the country, and the 
velocity of such motion. Thesi.* the burwiu can predict, 
approximately, from a comparison of all the previous 
■torms of which it has records. 

The whirling direction of the wind in the Northern 
Hemisphere is in the opjuisite direction to that of the 

17 



hands of a watch. Therefon', as the eastern side of a 
storm approaches any section of country, the winds blow 
generally from the south toward the north. The approach 
of a cyclone is generally attended by a fall of rain or snow. 
As the cyclone moves onward, and its western side passes 
over any locality, the general direction of the wind is 
from the north to the south. The {lassing of the cyclone 
is generally attended by clearing, cooler weather. 

Cold Waves. — On the edges of a cyclone the 
barometer is high. When one storm follows an- 
other at a short interval, the area of high ba- 
rometer between them causes the wind to blow in 
all directions from the centre of high barometer, 
and a cyclonic movement of the air is thus es- 
tablished, possessing a progressive motion like a 
true cyclone. Since the direction of rotation of 
such a storm is opposite to that of a cyclone, it 
is called an anticyclone. Cold waves generally 
originate in anti-cyclones. 

The Weather Signals consist of signal-flags 
displayed at importiint stations on the various 
lines of railroads and at other prominent places, 
and are designed to indicate the probable weather 
and temi)erature of the coming day. 

The temperature signal indicates warmer weather when 
placed above the other flags, and colder weather when 
placed below them. The cold-wave flag indicates a de- 
cided fall in temperature. 

The Storm Signals are displayed at all ports on 
the Great Lakes or the Atlantic seaboard whenever 
it is considered probable that within twelve hours 
there will be experienced at those ports, or within 
one hundred miles thereof, a wind dangerous to 
navigation. The cautionary signal is displayed 
when the winds expected will be severe, but not 
dangerous to well-equipped vessels. 

In order to extend the benefits of the " indica^ 
tions " to the agricultural districts, farmers' bul- 
letins, containing forecasts, are issued daily. 

To reach the different cities, towns, and villages, and the 
hamlets of the rural districts, the indications, or forecasts, 
are telegraphed every midnight fn>m the Central Office to 
centres of distribution, situated in different States. These 
reports are at once printed at each of these distributing 
stations, enclosed in enveloiies, and forwarded to every 
post-office which can be reached by the swiftest mail 
facilities by 2 P.M. of the next day. Great benefit is 
thus conferred on agricultural interests. 

Warnings of coming floods, movements of river ice, 
sudden or unusual change of level in rivers, are also given 
as the occasion warrants. The warning is given whenever 
the water rise^^ above a certain level, called the danger level. 

Another series of reports are for the benefit of internal 
navigation. They consist in the announcement, from day 
to day, of such changes of tcmi)enitun; for diflerent sec- 
tions of the country as would be likely either to stop 
navigation by the freezing of the canals, or temporarily 
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to open them sDfficienlly to enable ic«-boDnd vessels to be 
pressed forward to the termini of the csnsln. 

The Talae of the Weather Bnreau lan scarcely be OTer- 
eetimatod; the saving of shipping eOteted by the timely 
warning of a siogle severe stona may more than pay the 
entire expenses of the bareao for a large portion of the 
yesr. We append the foUoning r£sum£ of the work of 

(1.) The annooDcemeut of probable weather changes by 
the pabllcatian of " indications." 
(2.) The timely warning of the approach of severe 

(3). The display of signals indicating coming changes in 
the weather. 

(4). The publication of farmers' bulletins. 

(5.) The river and canal reports. 

(6.) The display of symboi.niaps, showing the actual 
atate of the weather tfaionghout the entire conntry. 

(7.) The publication of daily weather maps, monthly 
charts, and charts which give the results of the observa- 
tlona of years. 

(8.) The publication of cotton-region reports, embracing 
reports of rainfall and maximum and minimum tempera- 
ture tbroaghont the cotton districts from April 1 to 
October 31. 

Tlie International Weather Serrice.^ — The buc- 
cess of the meteorological observationB of the U. S. 
Weather Bureau has led to the establishment of 
stations for simultaneous observations over a large 
portion of the northern hemisphere and some sta- 
tions in the eouthem hemisphere. By simulta- 
neous observations of the meteorological conditions 
of the whole earth, many things yet unknown as to 
weather predictions are likely to be discovered. 

Tomadoei resemble cyclones in that they are 
whirling motions of the air. The area over 
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which they extend ia more limited, but the 
velocity of the wind is higher than in cyclones, 

and, therefore, their destructive power is very 



great. When they pass over any section of 
country they leave devastation and ruin in their 
track. 

Tornadoes are of frequent occurrence in the 
central and western portions of the Mississippi 
Valley. 

Tornadoes have their origin in a rotary motion 
imparted to a mass of warm moist air that is 
temporarily imprisoned below a mass of colder 
air. The whirling motions begin at the upper ex- 
tremity of the column, near the cold air, and 
gradually extend downwards. This produces the 
characteristic inverted funnel-shaped raoBe of 
dark cloud by which the approach of a tornado 
is generally heralded. 

The path of the tornado, like that of the 
cyclone, is generally eastward. 

Weatber Mftpe.^The actual condition of the weather 
over the United States, on any day, is represented in 
weather maps published by the bureau. Two such maps 
are shown on page 148. The upper mapshows the mcteor- 
ologlcsl conditions prevailing on a certain day in April. 
On that day an area of low barompter existed in Colorado, 
Nebraska, and Kansas, within which the barometer was 
below 39.5 inches, as shown by the iaobsr, or line of mean 
barometric pressure, of 29,5. The country aronnd this 
area had a gradually increasing barometric pressure, aa 
indicated by the sncceseive isobars 29.a, 29.7, 29.S, 29.9, 
etc At the same time a etonn was moving toward (be 
north-east, as shown by the tine of crosses. The rate of 
progress of the storm being known, the bureau issued the 
fallowing 

For Nets England, fair weather followed by light raioa 
to-morrow, north to east winds, slight rise in temperature. 

For the MMdU AOanlic Stata, increasing cloudlneos and 
rain, winds shifting to east and sonth, slightly warmer 
weather, lower barometer. 

For the Baath AUantie Stata, local rains, warmer, partly 
cloudy weather, south-east to south-west winds, lower ba- 
rometer. 

For the Eail Qalf Slattt, threatening weather and rain, 
followed byclearingweather.southeriy to westerly winds, 
alight rise in temperature, followed in west portiofi by a 
slight fall in temperature. 

For the Wat Gnlf f^alei, local rains, followed by clear- 
ing weather, winds shifting to west and north, nearly sta- 
tionary, followed by tower temperature, and rising liarom- 

For rntnuiM and the Ohio Vallti/, clondy weather and 
rain, southerly to westerly winds, rising temperature, fall- 
ing barometer and severe local storms, followed to-mor- 
row in wi'st portion by cooler weather and higher barom- 

For the Loaer I^ke Region, threatening weather and 
rain, east to south winds, lower barometer and riaing 
temperature. 

For the Upper Late Regum, threatening weather, with 
rain or snow, north-easterly winds becoming variable, fall- 
ing followed by rising barometer, slight rise, followed by 
falling tempeiature. 
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For the Upper MUtuiippi FaMej, threateniog weather 
uid nin. severe local Btorms, wiada shifting to west and 
north, followed by higher bHrometeraad colder weather. 

For the Mimmri ValUg, rain or mow, geuerall; colder, 
dondy followed by partly cloudy weather, dangerous local 
itornu in southeru portion, winds shifting to north and 
west, with colder weather and higher barometer. 

Light rains are indicated to-ioorrow for New England. 
and the Middle Atlantic Stales with wanner weather. 
Clearing and tkir weather is indicated for the West Qalf 
States and thence northward over the Upper Miaaiaaippi, 
HUsouri Valleys, and Lake Begion. 

The Ohio Siver, Cumberland, Teuneasee. and the His- 
sinippi at St. Loais, Cairo, Vicksburg, and New Orleans, 
will cbntinue slowly fallinR. 

Cautionary signals continue at Milwaukee, Chicago, 
Grand Baveo, Detroit, Toledo, Sandusky, Cleveland, Erie, 
and Buffalo. 

The lower map shows the actual conditions of the weather 
on the following day. The areaof low barometer, or storm- 
oentre. haa moved eastward and the btorm Is now central 
overWeatem Pennsylvania and the ai^oiningStates. The 
actoal condition of the weather, showing the correctness 
of the predictions, will be sven from an inspection of the 
following synopBis issoed by the bureau: 

SynopaiB tar the PbbI Twenly-four Hours. 

The severe storm which was central in tbe Lower His- 
•oari Valley yesterday morning moved directly east, 
causing dangerous gales on the Lakes and general rains 
in the Sontbem States, the Middle States, and the Ohio 
Valley. Snow and rain continue in the Lake Region thia 
morning. Threatening weather is reported from New 
England, and colder, fair weather from the north-west and 
•aath-we«t. The temperature has fallen about 10° in the 
Mississippi, Ohio, and Missouri Valleys and Upper I^ke 
Begion, with north to west winds ; and it has risen slightly 
in the districts on the Allaotic coast, with north-easterly 
winds in New England and on the Middle Atlantic coast, 
and sontb-westerly winds in the South Atlantic States. 
The barometer is unusually low near Pittsburg, and it is 
highest in Nebraska. A light norther prevails on th« 
T«za« coast. 
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CHAPTER III. 



Vegetable and Animal Life. 

S90. Vegetation.— The distribution of vegeta- 
tion throughout the United States is in accord- 
ance with the distribution of the rainfall. Four 
characteristic plant regions arc fouud : the Forest, 
the Prairie, the Steppe, and the Pacific Region. 

89L The Forert Region.— The chief requisite' 
of forest growth — an abundant rainfall, well dis- 
tributed throughout the year or during the time 
the trees are growing — is found especially in the 
country east of the Mississippi, where luxuriant 
foreste exist, unless removed by civilization. 

The pine, spruce, hemlock, fir, larch, juniper, 



and deciduous trees, such as the Iieech, maple, 
birch, alder, and poplar, are common in the 
North. 




Fig. 130. Soeoe 



a Ping Woods. 



Deciduous treea characterize the middle por- 
tions of the forest region. In the numijer and 
variety of its species, the oalt is peculiarly char 
racteristic of the middle part of the forest region. 

In the southern portion of the forest region 
evergreen trees, such as the live-oak and the 
magnolia, are characteristic. 




Fig. 131. Baftisg. 

The forests have been removed, over extended 
areas, from all three parts of the foreet region. 
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Tbe cut logs, wheu the river-courses are suf- 
ficiently large, are transported to different seg- 
tiona of the country in huge mfta. 

392. The Prairie Region.— -West of the Slia- 
aiwippi Valley, to the Plateau of the Great 
Pluiiiii, the comparatively scanty rainfall pro- 
duces extensive prairies, covered with grasses 
and flowering herbs. Forests are wanting, ex- 
cept along the river-con rsos. 

393. The Steppe Region.— From tbe western 
limits of the Great Plains to the Sierra Nevada 
and Cascade ranges, lie the elevated plateaus of 
the predominant mountain-system. Here the 
rainfall is irregular and scanty, and the vege- 
tation presents the peculiarities of a true steppe. 
But few species of plants occur; the cactus and 
wild sage are characteristic. 

394. The Faci£c Region. — From the western 
limits of the steppe region to the Pacific coast, lies 
a region whose features, in some respects, resemble 
those of the forest region. In "Washington and 
Oregon dense forests of fir and spruce trees occur. 
The cedar, larch, maple, oak, and chestnut are 
common. In California the periodical rainfall 
nearly excludes tlie foi-est from the valleys and 
plains; but on the mountain-elopes, where rains 
are more frequent, well-marked forests abound. 
The pine, Gr, and oak are characteristic. 

On the Blopea of thu coaat mouiitiiins and tbe Sierra 
Kevnda Bnil Caacikdu Ranges, dense Torcats uf pine aod fir 
trees Hre faunit. In soioc parts of these regioiu Ihe treex 
frequeDtly attain an inimeuae size, many of them exceeding 
300 feet in helKht. Tbe luigest are the celebnted " atam- 
molh trees of California," a apeciea of pine. Some of these 
trees are 350 feet bigh, and have a cireumference of 110 
feet at tbe base. In some of ttie fallen trees, the hollow, 
d«»yed truuks readily permit the paaange of ii man and 

395. Animal Life. — The large animals now 
found in the United States are principally those 
which have been domesticated, such as the horse, 
cow, sheep, mule, goat, and the dog. 

In some of the sparsely-settled regions of the 
East, and over large areas in the West, a few wild 
animals are yet to be found. In parts of the 
Appalachian system, the hluck bear, panther, and 
deer are found. The moose is found in the north- 
ern parts of the United States. The immense 
herds of buffalo that once roved over the plains 
west of the Mississippi are nearly extinct. The 
grizzly bear and tbe wolf are found on the moun- 
buns of the Pacific slope. 

In the South, the warm, sluggish waters of the 



lower courses of the rivers and swamps, harbor 
numerous alligatora. 

A number of species of serpents occur, but 
only two, the rattlesnake and the copperhead, 
are venomous. 

The manatee, or sea-cow, a curious herbivorous 
animal with psddie-like legs, found in the shal- 
low waters of the coast of Florida, sometimes 
attains a length of teu feet. 



CHAPTER IV. 

Agricultural and Mineral Produc- 
tions. 

396. Agricnltnral Piodnctions.* — ^The princi- 
pal agricultural productions of the United States 
are wheat, com, rye, oafs, barley, buckwheat, hay, 
hops, potatoes, flax, tobacco, rice, cotton, and 
EUgar. 

397. The Cereals, wheal, com, rye, oats, barley, 
and buehvheat, are grown principally north of the 
36° of north latitude. According to the census 
of 1890, the Slates giving the largest yield of 
com were Iowa, Illinois, Kansas, and Nebraska, 
while those yielding the most wheat were Min- 
nesota, California, Illinois, and Indiana. 




SUtes. amounted to l,fi28.4m.000 hnshels. The wheat- 
erop of ISie amounted to 519,490,000 bushels. 

• I'or SjOQpsb o( CemiiB Kcporls. Ke Trtle, page ni. 
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398. Tobacco and FIeix are raised in large 
quautities in various sections of the country. 

The principal tobacco-producing States are 
Kentucky, Virginia, Pennsylvania, Ohio, Ten- 
Desaee, and North Carolina. 
The entire yield of lubiin.o in 18SS was 565,795,000 




Fig, 133. TobwHiD Field. 
The principnl flax-producing .States are Mlniie- 
aota, Iowa, South Dakota, and KehruKka. 

Tbe 1«IaI Tslue of fls^i-pvoduclfl in 1869 was tlO,436,2aiS. 

399. Cotton, Bice, and Sugar are cultivated 
mainly south of the Sli" north latitude. 

The principal cotton -producing States are 
Texas, Missisaippi, Alabama, South Carolina, 
Georgia, Arkansas, and Louisiana. 




Fig. 134. Oottgn. 
The cotton-crop of the year 1893 iu the IToitcd States 



400. The principal rice-producing States are 
South Carolina, Loiiisiaiia, Georgia, and North 
Carolina. The rice-ficlds are confined to low, flat, 
marahy tracts, near the coast or river bottoms. 




The principal sugar-producing State is LouIb- 
iana,the plantationB being confined mainly to the 
rich lands in the neighborhood of the Mississippi 
Delta. Sugar is also grown in South Carolina, 
Tennessee, and Texas. 




Fig. 136, 8iigu-0u< Held. 



Tho total rrudut'tioQ of PBue-Bngar in IHg3 amnu 
450,01 W.OOO puuiida. 
Ik-el sugar in iirmiuei-d in mvpihI uf the Stati-s 
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ftkUj in Cbliforiila. The entire prodaction Is 1883 ir*s 
27,0e;i,322 pouuils. 

Maplti-sugar is produi^ed in Vermont, New York, Oblo, 
New Hani|i«bire, MichlKaa, ind Indiana. The total pro- 
n 1S93 amautited to 3,200,000 poandB. 
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40L Mineral Frodnctiona. — The United States 
are particularly noted for the richness and variety 
of their mineral deposits. Nearly all the import- 
ant metals are found in various portions of the 
country, some of the deposits extending over 
areas of enormous extent. 

402. Frecions Xetals. — Gold, silver, and plati- 
num occur. The depoaits of gold and silver are 
large. 

Gold. — The principal deposits of gold occur 
in the mountainous districts in the eastern and 
western portions of the country. The Califomian 
region, which embraces the entire western coast 
and much of the country as far east as the Great 
Plains, is the richest. The deposits are especially 
valuable in the basins of the Sacramento and San 
Joaquin Rivers. Gold is found either in quartz 
veins or in alluvial deposits. 

Silver is found eitiier in the gold-fields already 
mentioned, or in deposits of galena, one of the 
most valuable ores of lead. It also occurs pure 
or native in the copper regions of Lakes Superior 
and Michigan. 

FUtinnm has been found in small quantities 
in both the eastern and western portions of the 
country. 

403. Ordin&ry Metals. — Iron, copper, zinc, and 
lead occur in various portions of the eastern, cen- 
tral, and western sections of the country. 

Iron, which intrinsically is the most valuable 
of all the metals, is, perhaps, the most widely 
distributed. Valuable deposits of various iron 
ores, mainly oxidefi and carbonates, occur in 
many parts of the country. The deposits are ex- 
ceedingly rich in Northern Michigan and Wis- 
consin; in the neighborhood of the Adirondacks 
in New York; in Pennsylvania; in Missouri, 
where the deposits at one lime actually formed 
two mountains of iron ; in the district of Lake 
Superior; in Alabama, and elsewhere. The de- 
posits in Pennsylvania are the most valuable, from 
their vicinity to lieds of coal and limestone, which 
are necessary for the reduction of the ore. 

Copper occurs in lai^ quantities in the east- 
ern, wfstem, and central sections of the country. 
The ores are principally sulphides or oxides, or 
the native or metallic copper. The most valu- 
able deposits are found in the neighborhood of 



Keweenaw Point, X^ke Superior, where large 
beds of the native material occur. 

Zinc. — The most valuable deposits are found in 
Missouri, Wisconsin, and Kansas. It also occurs 
in the Atlantic States, from Maine to Virginia. 

Lead. — Valuable deposits are found in the East, 
from Maine te North Carolina. The largest and 
richest districts, however, are in the interior, in 
Colorado and Utah, where it occurs with silver, 
and in the Mississippi Valley ; in Wisconsin, 
Iowa, Illinois, and Missouri. 

404. Among other valuable metals, tin, meiv 
OQiy, ohrominm, nickel, cobalt, antimony, bis- 
math, manganese, are found in small quantities. 

Tin occurs -n limited quantities both in the East 
and in the West. So iar as is known, the deposits 
are richest in the Black Hills in Dakota. 

Mercnry is found either pure or in combina- 
tion. The principal ore is the sulphide of mer- 
cury or cinnabar. The deposits in California are 
the most important 

Chromium is found in moderately large quan- 
tities in various portions of the Atlantic States, 
as far south as Virginia. 

Nickel, cobalt, antimony, bismuth, and man- 
ganese are found in limited quantities. 

405. Coal,— The coal-Gelds of the United States 
are the richest in the world. Immense deposits 
occur in the eastern, central, and western sections 
of the country. So far as is known, the e 




Fig. 137. Ooal-MiDt, 

coal-field, which covers portions of Pennsylvania, 
Ohio, Virginia, Kentucky, Tennessee, and AIa- 
bama, is the most extensive. 
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Other coal-Mds occur in Illinois and Mie.«our 
in Texas, Michigan, Rhode Ixland, and Nci 
Brunswick mid Nova Scotia. 



The I 



inidted 



WofthecD&l-fluldaorWiwtern Eu 
by Dans >t about 20,000 Wjuare oiileB, wliilr Hie total area 
of tbooe of th« United Sl4itea iirobubly cicoeds 1^,000 
■qUHre milea. In the Unilvd !!ICateH, Pviiugylvanla paaseBBes 
the moat eit«iiaive and ihe rlcbeet driKMila. the total area 
of the depoaita in this State bring nisarly 3U.00D square 
DiilcB, or equal to those nf WKgtiTii Europe. The rlfbueBs 
of the American ouul-tli'ldB uatiniit fail to eitrt an import- 
ant inflneuce on the tutun: development of the country. 

406. Peat-Bo^ of Sassachosetti,— Peat cod- 
eiats of a black, carbonaceoui' dejxiijit which uc- 
cumulate:} in bndly-dnijncd regions of humid 
climates. The surfaces of tbe peat-ma r»'hea are 
often covered with a thin crust, formed by the 
interlacing roots of vegetable prowthc. Below 
this cruet is a treacherous, oozy <iuii|;niire. 

When peat is dried it is suitable fur fuel. 
Dana estimatee that Massachusetts contains fifteen 
billion cubic feet of [)eat. X>arge depo!<its occur in 
the Great Dismal Swamp, iu North Carolina and 
Virginia. 

407. Petrolenm, or Coal Oil, is found In various 




Flj. 138. Oil W»ll and Tank. 



sections. The most valuiibli' di'im^its occur in a 
region embracing Western Pfnii.-ylvunia, Vir- 
ginia, Ohio, and Michigan. Petroleum is found 
also in the West. 



The oil is obtained by boring. The wells so 
produced are similar to artesian wells, except in 
the material discharged. In many instances the 
oil issues In powerful streams, which continue to 
flow for considerable periods, The crude oil is 
generally stored in huge tanks, from which it is 
transferred Ijj barrels or iron tanks for trans- 
portation. Much is also distributed for great dis- 
tances through lines of pipes culled pipe-lines. 
For most commercial uses it is necessary to re- 
fine or purify the oil. 

408. ITatnral Oas, — Accumulations of natural 
or roek-gua occur in nearly all portions of the 
United States, but such deposits are especially 
rich in the regions where coal oil is found. 
Western Pennsylvania, and the adjoining Statee, 
yield great quantities of such gas. 

The gas is obtained by borings similar to those 
made for artesian wells or coal-oil wells. From 
the gas wells thus formed the gas issues forth with 
great velocity. When lighted it bums with a 
flame similar to that of ordinary Illuminating 
gas. Like ordinary gas it burns with a pale 
bluish flame when mixed with air, and aflbrds 
an excellent source of artificial heat. 

Naf nral fs» haa heen known for many yean past, bnt It 
la only recently that its great pitent and quantity have 
been asvvrtained. In many diHtric^tx — notably in the city 
of PitlshnrRh and vicinity— natural khb hae practically 
suiieTK'ded jIluminatlnR gaa aa a source of llKht. and hu 
almo«t entirely replaced ordinary cenl aa a aource of heat. 
The value of auch a natural pruluct in any manufacturing 
centre can scarcely be overestl mated, and Iti aucccaaful in- 
troduction lu any loralily baa in all caxes bei'n attended 
with a mnrki'd growlb in the extent and variety of ita 
mauufactunit. AlthuuKb such dcpoBits must in perhaps a 
com jmni lively abort time become eibausted, as yet tbejr 
Bbow but little signs of failure. 

The gaa ewoiien from the well under great pressure. 
Before ilH delivi'ry to coiiHumera, through pipes like ordi- 
nary giis-iiipes, Ihe pirssntv is reducfd by nuitablc coulrl- 
vance<: an tbut its eonnumpljim is niit atlendi'd with any 
greater risk than that attending ordinary illuminating gas. 

409. Salt— BcU of rock-salt occur in Louisi- 
ana, Virginia, and in various parts of the West. 
Lurgc quantities are obtained by cvo|H)niting the 
walcr? of suline or brine springs. Those are of 
common occurrence. The most valuable are 
found in New York, in the neighlwrhood of 
Salina and Syracuse; in Virginia, Michigan, Ken- 
tucky, and In the Far West. 

410. Bnildin^ Stones. — Large deposits of valu- 
able building stones are found in all parts of the 
country. Among the most (iminion are various 
kliuU of sandstone, marble, granite, slate, niag- 
uesian limestone, serpentine, gneiss, and mica 
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sch'st. Valuable deposits of clay occur, from 
which excellent bricks are made. 
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CHAPTER V. 
Alaska. 

• 

411. Extant of Territory. — The Territory of 
Alaska, now a part of the domain of the United 
States, embraces the north-western part of the 
North American Continent, and extends south 
ftora the shores of the Arctic Ocean to about 54° 
of N. lat. The main part of the Territory lies west 
of the 141° E. long, from Greenwich. South of 
Mt St. Elias, however, it embraces a narrow 
strip extending south-eastwardly along the coast 
of British Columbia. 

The Territory of Alaska embraces an area of 
about 530,000 miles, or, approximately, about 
one-sixth of the whole area of the remainder of 
the domain of the United States. This country 
was purchased from Russia by the United States 
in 1867, at a cost of $7,200,000. 

Indentations of the Coast. — The coast-line of 
Alaska is exceedingly irregular, its entire length 
amounting to as much as 8000 miles. The shores 
of the Arctic are the least indented. The western 
and southern coasts are deeply indented. 

Behring Sea and Straits separate Alaska from 
Asia. The Pacific Ocean enters the wide curve 
of the southern coast as the Gulf of Alaska. 
Smaller indentations on the western coasts are 
found in Norton Sound, Kuskovitch Bay, Bristol 
Bay, and in the numerous bays and inlets on the 
southern coasts, in which true fiords occur. 

412. Islands. — Numerous islands lie off the 
western and southern coasts. The principal of 
these are St. Lawrence Island and Nunivak, on 
the western coast ; the Aleutian Islands, which ex- 
tend in a curve from the Alaskan Peninsula 
nearly to Kamtchatka; Afognak and Kadiak 
islands, off the southern shores of the peninsula; 
and Baranoff, Chichagof and Prince of Wales 
islands off the south-eastern shores. 

413. Surface Stmetnre. — The northern portions 
of Alaska are low and flat, and the plains, drained 
by a few small, sluggish streams, are, for the most 
part, frozen moor-lands, similar to the tundras of 
Northern Siberia. They form a dreary, desolate 

r, for the greater part unexplored, covered 




during the brief summer by a comparatively 
dense growth of grasses. 

The rest of Alaska is generally mountain- 
ous, being traversed by prolongations of the 
Pacific Mountain-System. The highest eleva- 
tions are those of the south-eastern coast, Mt. St. 
Elias being 19,500 feet above the level of the 
sea. Mts. Crillon and Fairweather are scarcely 
inferior in height. These mountains contain nu- 
merous glaciers which descend nearly to the level 
of the sea. The chain of the Aleutian Islands 
is mountainous, and, lil^e the mountains of the 
south-western coast, contains many volcanic 
peaks. 

414. Brainage System. — ^The principal river 
of Alaska is the Yukon, which, so far as known, 
has a length of at least 2000 miles. It is one of 
the largest rivers in North America, so far as 
the volume of its discharge is concerned, which 
appears to be as great as that of the Missis- 
sippi. In some portions of its lower course it 
is, in places, 20 miles wide. An extensive delta 
formation occurs at the mouth of the river. The 
Lewis and the White, its principal tributaries, are 
situated near the head- waters of the Yukon, in 
the Dominion of Canada. 

The Kuskovim is the only other important 
river. Unlike the delta-mouth of the Yukon, 
the Kuskovim discharges its waters into Behr- 
ing Sea through a wide estuary. The spring tides 
sometimes rise in this estuary to the height of over 
60 feet 

The glaciers of the south-eastern coast feed a 
number of lakes, so near together as to permit 
the establishment of portage-routes of travel. 

415. Climate. — The climate of Alaska is, gen- 
erally, cold and wet, although the influence of 
the Japan Current, and the westerly winds and 
rain, render the mean annual temperature much 
warmer than corresponding latitudes in the inte- 
rior, or even on the eastern coasts of the North 
American Continent. Fogs and rains are fre- 
quent. The annual rainfall at Sitka, on Baranoff 
Island, is about 85 inches. 

416. Vegetation. — Dense grasses cover por- 
tions of the tundras, river valleys, and hillsides 
during the brief summer. The wet climate, how- 
ever, renders the curing of hay a diflScult matter, 
and, consequently, the rearing of cattle is attended 
with difficulty. 

Portions of the lower mountainous slopes and 
river valleys are covered with forests of yellow 
cedar and spruce. In the greater part of the 



Territory no timber grows at an altitude greater 
than 1000 feet above the sea. Turnips, potatoes, 
and radishes have been cultivated in southern 
portions of the Territory with fair success. 

417. Animal Life. — The rivers are visited dur- 
ing the breeding season by myriads of salmon. 
This fish forms the principal food of the inhabit- 
ants, who, at the beginning of the season, desert 
the interior for the banks of the rivers. Halibut, 
herring, codfish, and mackerel, are caught ofi* the 
coasts of the Territory . 

The fur seal, the walrus, and the sea-otter are 
caught in great numbers for their valuable fur. 
The whale is found in the Arctic waters of the 
northern coast. The polar bear, the brown bear, 
the mink, the black or silver fox, the moose, and 



the reindeer are also found in the Territory. 
Dense swarms of bloodthirsty mosquitoes and 
black flies occur in nearly all parts of the 
countrv. 

418. Minerals. — Beds of coal of an inferior 
quality have been discovered in various parts 
of the country. Deposits of silver, gold, cop- 
per, lead, and cinnabar also occur. 

419. Inhabitants. — The inhabitants of Alaska 
consist principally of the Esquimaux or Innuit, 
the Indians, and the Aleuts, or the inhabitants 
of the Aleutian Islands, the Creoles or Bussian 
half-breeds, and the inhabitants of the remaining 
archipelagoes, together with a few whites. 

Sitka, on Baranofl* Island, is the principal set- 
tlement. 
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The area of the United States, exclusive of Alaska, is 
•boot 3,000,000 square miles. 

The coast line is comparatively simple and unbroken. 
The principal indentations on the east are Long Island 
Sound, Delaware and Chesapeake Bays, and Albemarle and 
Pamlico Sounds ; on the west, the Gulf of Greorgia and the 
Bay of San Francisco. 

The slope of the Atlantic shores is gradual ; that of the 
Pacific shores is abrupt. 

On the Atlantic coast, the islands north of Gape Cod are 
for the most part rocky ; those south of Cape Cod are gen- 
erally low and sandy. 

liangrove islands are formed by sediment collecting 
around the closely intertwined roots of mangrove trees. 
These islands occur in the shallow waters off the coast of 
Florida. 

Nearly all of Florida, south of the Everglades, and 
probably as far north on the eastern coast as St. Augus- 
tine, consists of a peculiar variety of coral form&tion. 

The Pacific system is the predominant mountain -system ; 
the Appalachian system is the secondary system. 

The Pacific system consists of the Rocky Mountains, the 
Sierra Nevada, the Cascade, and the Coast Mountains. 

The highest peaks are found in the Cascade Mountains. 

Portions of the Pacific Mountain ranges contain extinct 
volcanoes. 

The Appalachian system, or Che system of the Allegha- 
iiies, includes the White Mountains, the Green Mountains, 
the Adirondacks, the Catskills, the Blue Bidge, and the 
Cumberland Mountaias. 

There are two great low plains in the United States : the 
Atlantic Coast Plain and the Plain of the Mississippi 
Valley. 

The principal rivers draining into the Atlantic Ocean 
are the Penobscot, Merrimac, Connecticut, Hudson, Dela- 
ware, Susquehanna, Roanoke, Cape Fear, Santee, Savan- 
nah, Altamaha, and St. John's. 
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The principal rivers draining Into the Mexican Gulf are 
the Appalachicola, Alabama, Mississippi, Sabine, Trinity, 
Brazos, Colorado, and the Rio Grande. . 

The principal rivers draining into the Pacific Ocean are 
the Columbia, Sacramento, San Joaquin, and the Colorado. 

The Great Basin, between the Wahsatch and the Sierra 
Nevada Mountains, has an inland drainage. 

Soda Valley, in Southern California, and Death Valley, 
in Eastern California, are below the level of the sea. 

The Great Lakes, Superior, Michigan, Huron, Erie, and 
Ontario, form the largest system of fresh-water lakes in 
the world. 

The United States extends from the isotherm of 40^ Fahr. 
to 77^ Fahr., and therefore lies in the physical north tem- 
perate and the torrid zones. 

A marked contrast exists between the temperature of 
the eastern and the western coasts of the northern half 
of the country. The eastern coasts are colder than the 
western. 

The greater warmth of the western coasts is caused by 
warm ocean currents, westerly winds, and heavy rainfalls. 

The Atlantic seaboard is colder than corresponding lati- 
tudes on the western shores of Europe or on the western 
shores of the United States. 

From observations dating back to the year 1738 it ap- 
pears that from that time the climate of the United States 
has undergone no decided change. 

The United States lies in the zone of the variable winds; 
westerly winds predominate. 

The heaviest annual rainfall is 65 inches. It occurs near 
the borders of the Gulf States and along the Pacific sea- 
board in Washington and Oregon. The smallest annual 
rainfall is found in the Great Basin , it varies from 5 to 10 
inches. East of the 100th meridian from Greenwich the 
average fall is 40 inches. 

On the Atlantic coast rain is especially abundant during 
spring ; on most of the Pacific coast, during winter. 
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The Weather Bureaa was established for the observation 
of the meteorological conditions of the conntry. 

There are four characteristic plant regions in the 
United States: the Forest, the Prairie, the Steppe, and 
the Pacific 

The forest region lies mainly east of the Mississippi ; the 
characteristic trees are the pine, sprace, hemlock, fir. Juni- 
per, beech, maple, birch, alder, oak, and poplar. 

The principal large animals of the United States are 
those which have been domesticated, as the horse, ox, 
cow, sheep, mnle, goat, and dog. 

Among wild animals are the black bear, panther, deer, 
grizzly bear, wolf, and manatee or sea-cow. 

The principal agricultural productions are wheat, com, 
rye, oats, barley, buckwheat, hay, hops, flax, tobacco, rice, 
cotton, and sugar. 

The principal metals are gold, silver, platinum, iron, 
copper, zinc, lead, tin, mercury, chromium, nickel, cobalt, 
antimony, bismuth, and manganese. 

Deposits of coal, rock-salt, marble, coal oil, and natural 
gas aro found, and many varieties of durable building- 
stone. 

Extensive peat-bogs occur in Massachusetts and Virginia. 

The Territory of Alaska has an area of about 590,000 
square miles and is nearly one-sixth that of the area of the 
rest of the domain of the United States. 

The coast line of Alaska is very irregular, and has a 
length of at least 8000 miles. 

Behring Sea on the west, and the Gulf of Alaska on the 
south, are the principal indentations of the coast. Norton 
Sound and Kuskovitch and Bristol Bays are among the 
most important of the smaller indentations. 

The principal islands are St. Lawrence Island, Nunivak, 



the Aleutian Islands, Afognak, Kadiak, Baranoff, Chieha- 
gof, and Prince of Wales. 

The northern portions of Alaska are low and flat, and 
are covered by tundras or frozen moor-lands. The rest of 
the country is generally mountainous, and is traversed by 
prolongations of the Pacific Mountain system of North 
America. Mts. St. Elias, Fairweather, and Crillon are 
the principal peaks. 

The principal river of Alaska is the Yukon, which i£ 
some 2000 miles long, and is one of the largest rivers of 
the North American Continent. The Kuskovim is the 
only other important river. The Yukon has a delta 
mouth — the Kuskovim, an estuary. 

The climate of Alaska is cold and wet, though, under 
the combined influences of the Japan current, the rains, 
and the warm south-westerly winds, the climate is less 
severe than at corresponding latitudes in the interior, or 
on the Atlantic coast. 

Dense growths of grasses abound during the brief sum- 
mer. Forests of yellow cedar and spruce occur. 

The chief animals are the i>olar and brown bears, the 
mink, black or silver fox, the moose, and the reindeer. 
The whale is found in the waters off the northern shores, 
and the walrus, the seal, and the sea-otter are sources 
of wealth by reason of their valuable fhrs. Salmon, hali- 
but, cod, ifud herring, are the principal food-fish. 

Deposits of coal, silver, gold, lead, and cinnabar occur in 
different parts of the country. 

The inhabitants consist of various elements, the princi- 
pal of which are the Esquimaux, the Indians, the Aleuts, 
the Creoles, and the people of the archipelagoes of the 
southern and south-eastern coast. 

Sitka, on Baranoff Island, is the principal settlement. 



REVIE>V QUESTIONS. 



State the geographical position of the United States. 

Describe the peculiarities of its coast lines. 

Name the principal indentations of the eastern coast. 
Of the western coast. 

In what respect do the islands which lie north of Cape 
Cod differ from those which lie south of it? 

What is the origin of the islands off the southern coast 
of Florida? 

Describe the Pacific Mountain system. Locate the Great 
Plains. The Great Basin. 

Describe the Appalachian Mountain system. 

Name the great low plains of the United States. 

Name the important rivers which drain directly into 
the Atlantic; name those which drain into the Atlantic 
through the Gulf of Mexico ; name those which drain into 
the Pacific. 

What system of inland drainage is found in the United 
States? 

Describe the lake-systems of the United States. 

In what mathematical zone is the United States situated? 
In what physical zones? 

Between what isothermal lines does the United States 
extend ? 

Describe the general direction of the isotherm of 40® 
Fahr. Of 55° Fahr. Of 60'' Fahr. 

What difference exists between the climate of the eastern 
and western coasts ? What are the causes of this difference ? 



Has the climate of the United States undergone any de- 
cided change during the last hundred years? 

In what wind zone does the United States lie? 

In what parts of the country does the heaviest annual 
rain&ll occur? The smallest annual rainfall? 

What is the rainfall of the upper Mississippi Valley? 
Of the lower Mississippi ? 

At what season of the year do the heaviest rains occur 
on the Atlantic coast ? On the Pacific coast ? 

For what was the Weather Bureau established ? 

What are tornadoes? 

Under what four characteristic plant regions may the 
vegetation of the United States be arranged? 

Dciicribe the location of each of these regions. 

Name the principal forest trees of the United States. 

Name the principal domesticated and wild animals of 
the United States. 

Enumerate the principal agricultural productions. 

Name the principal corn -producing States. The prin- 
cipal wheat-producing States. 

Name the principal cotton -producing States. The prin- 
cipal rice-producing States. The principal sugar-producing 
States. 

What valuable metals are found in the United States? 

What other valuable mineral substances occur? 

What are the limits of the Territory of Alaska? Stats 
its boundaries. What is its area ? 
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What sum was paid for Alaska by the United States 
OovemxneDt? 

Name the principal indentations of the coast of Alaska. 
What is the extent of its coast line? 

Name the principal islands of the western coast. Of the 
Boathem coast. 

Describe the surface structure of Alaska. To what gen- 
eral system of mountains do its elevations belong? Name 
some of the principal peaks. Are any of them volcanic? 

Describe the river-system of the Yukon. Where is the 
Koskovim River? Which of these rivers has a delta 
mouth? Which has an estuary? 



What is the general climate of Alaska? How does the 
climate compare with that of corresponding latitudes in 
the interior of the country or on the Atlantic coast ? Why 
isthU? 

Describe the vegetation of Alaska. What are the prin- 
cipal trees? 

Name the principal food-fish of Alaska. Name the prin- 
cipal fhr-bearing animals. What other large animals are 
found in the country ? 

Which is the principal settlement? Name some of the 
different people who inhabit Alaska. 



MAP QUESTIONS. 



Describe from the Physical Map of the United States 
the surfoce structure of the country, giving the relative 
position of the High Lands and Low Lands. 

Describe the Pacific Mountain System. 

Describe the Appalachian Mountain System. 

Locate the following : the Black Hills ; the Wahsatch 
Mountains; the Sierra Madre; San Louis Park; Pike's 
Peak; Long's Peak; Fremont's Peak. 

Describe the drainage of the Great Lakes. 

Name the principal rivers which empty into the Atlantic 
Into the Gulf of Mexico. Into the Pacific. 

Name the principal tributaries of the Mississippi. 

Where are the Santa Barbara Islands? The Bahama 
Islands? Vancouver's Island? 



Trace on the map the isothermal line of 45^. 

What is the cause of the southward deflection of 
the isothermal lines in the western part of the United 
States? 

Prove from the isotherms that the climate of the 
northern half of the Atlantic coast is colder than the 
southern half. 

In what pori^ions of the United States is the lowest mean 
annual temperature found ? The highest? 

Name the swamps and sounds of the 
board whose formation is to be traced to 
deoosits. 

What swamp is due to coral formations? 



Atlantic sea- 
fluvio-marine 
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Physical Geography treats of the distribution of the land, 
water, air, animals, and plants of the earth. 

The earth moves through empty space around the sun. 
It is kept in motion in its orbit by its inertia and the 
attraction of the sun. 

The rotundity of the earth is proved — 1. By the ap- 
pearanoe of approaching or receding objects ; 2. By the cir- 
cular shape of the horizon ; 3. By the shape of the earth's 
shadow; 4. By the great circle of illumination; 5. By 
actual measurement. 

Exact geographical position is determined by reference 
to certain imaginary lines called parallels and meridians. 

Bepresentations of the whole or of parts of the eari^h's 
surface are made by means of maps. 

Maps are drawn on different projections: the Equa- 
torial, the Polar, and Mercator's prqjection are in the most 
general use. 

The length of daylight in either hemisphere depends on 
the extent to which that hemisphere is inclined towards 
the sun ; the longest day in the northern hemisphere occur- 
ling Jane 21st, when the sun Is vertical over the Tropic of 
Cancer. 

The change of seasons is occasioned by the revolution 
of the earth, together with the inclination of the earth's 
Axis at an angle of 66^ 33' to the plane of its orbit. 



and the constant parallelism of the axis with any former 
position. 

The Torrid Zone is the hottest part of the earth, because, 
at one time or another throughout the year, every part of 
its surface receives the vertical rays of the sun. 

The following different opinions are held concerning the 
condition of the interior of the earth : 

(1.) That the earth has a solid centre and crust, with a 
heated layer between. 

(2.) That the cruHt only is solid, and the remainder suf- 
ficiently heated to be in a fused or pasty condition. 

(3.) That the earth is solid throughout, but highly heated 
in the interior. 

The proofs of the present highly-heated condition of 
the interior of the earth are as follows: 

1. In all parts of the earth, the deeper we penetrate the 
crust, the higher the temperature becomes ; that is to say, 
the entire interior is heated. 

2. The presence of volcanoes, which, in all latitudes, 
c^ject melted rock from the inside of the earth ; that is to 
say, the entire interior is filled with matter sufiiciently hot 
to melt rock at ordinary pressures. 

3. The occurrence of earthquake shocks in all parts of 
the earth. 
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The original fluidity of the earth is rendered probable by 
the following circumstances : 

(1.) By the spherical shape of the earth. 

(2.) The crystalline rocks, or those formed in the presence 
of great heat, underlying all others. 

(3.) The warmer climate of the earth during the geolog- 
ical past. 

Volcanoes ^ect from the interior of the earth — 1. 
Melted rock or lava; 2. Showers of ashes or cinders; 3. 
Vapors or gases. 

These materials are brought up from great depths into 
the volcanic mountain by the force caused by a contract- 
ing globe. They may escape from the crater — 1. By the 
pressure of highly-heated vapors; 2. By the pressure 
exerted by a column of liquid lava. 

All volcanoes are found near the coasts of the continents, 
or on islands. 

The movements of the earth's crust produced by earth- 
quake shocks are — 1. A wave-like motion around the 
centre of disturbance ; 2. An upward motion ; 3. A rotary 
motion. 

The following facts have been discovered as regards 
earthquakes : 

(1.) Their place of origin is not very deep seated. 

(2.) The area of disturbance increases with the energy 
of the shock and the depth of its origin. 

(3.) The shape of its origin is that of a line and not 
that of a point. 

(4.) The shape of the area of disturbance varies with 
the elasticity of the materials through which the shock 
moves. 

(5.) The earthquake motion travels as spherical waves, 
which move outward in all directions from their point 
of origin. 

The most violent earthquake shocks continue but for a 
short time. 

Earthquakes are generally caused by the strain produced 
by the contraction of the crust. 

Earthquake shocks are of more frequent occurrence — 1. 
In winter than in summer ; 2. At night than during the 
day ; 3. During the new and full moon, than during any 
other phase. 

Earthquake shocks may occur in any part of the world, 
but are of most frequent occurrence in the neighborhood 
of volcanoes. 

Bocks may be divided, according to their origin^ into three 
classes: 1. Igneous; 2. Aqueous; 3. Metamorphic. 

They may be divided according to their condition, into-^ 
1. Stratified ; 2. Uustratified. 

Unstratified rocks are either igneous or metamorphic. 

Bocks which contain organic remains are said to be 
fossiliferous ; if destitute of these remains, non-fossil- 
iferous. 

Stratified rocks are sometimes called fragmcntal. Un- 
stratified rocks are sometimes called fragmental. Aqueous 
rocks are sometimes called sedimentary. 

During the geological past extensive changes occurred in 
the land and water surface of the earth, and in the plants 
and animals inhabiting it. 

The changes now occurring in the earth's crust are 
caused — 1. By the winds; 2. By the moisture of the 
atmosphere; 3. By the action of running water; 4. By 
the agency of man ; 5. By the action of the heated in- 
terior. 

Of the 197,000,000 square miles of the earth's surface, 
144,000,000 square miles are covered by water, and 
63,000,000 by land. The proportion between the land 



and water is very nearly as the square of three is to the 
square of five. 

The continents extend farther to the north than to the 
south; they are crowded together near the north pole. 
Their southern projections are separated from each other 
by extensive oceans. 

Nearly all the land masses are collected in one hemi- 
sphere, and a large part of the water in another. 

There are two great systems of trends or lines of direc- 
tion, along which the shores of the continents, the moun 
tain-ranges, the oceanic basins, and the island chains 
extend. 

The main prolongation of the eastern continent is in the 
direction of the north-eastern trend ; the western, in that 
of the north-western trend. 

The coast lines of the northern continents are very irreg- 
ular, the shores being deeply indented with gulfs and bays, 
while those of the southern continents are comparatively 
simple and unbroken. 

Of the 53,000,000 square miles of the land, 3,000,000, or 
about one-seventeenth, is composed of islands. 

Islands are either continental or oceanic. 

Continental islands are detached portions of the neigh- 
boring continents. 

Oceanic islands are the summits of submarine mountain- 
chains. They are either high or low : the high oceanic 
islands are generally of volcanic formation ; the low islands 
are of coral formation. Mangrove islands occur off the 
coasts of Florida. 

There are four varieties of coral formations : 1. Fringing 
reefs; 2. Barrier reefs ; 3. Encircling reefs ; 4. Atolls. 

A x>eculiar variety of coral reef occurs off the coasts of 
Florida. 

The subsidence of the ocean's bed is proved — 1. By the 
exclusive occurrence of volcanoes on the shores of the con- 
tinents or on islands; 2. By the occurrence of atolls or 
coral islands; 3. By the general direction of the continen- 
tal island chains. 

The earth's surface is composed of high lands and low 
lands. The dividing line is 1000 feet above the level of 
the sea. 

High lands are either mountainous or plateaus. 

Low lands are either hills or plains. 

About one-half of the land surface of the earth is occu- 
pied by plains. 

Plains are 1. Undulating ; 2. Marine ; 3. Alluvial. 

Mountains were formed by the contraction of the earth's 
crust, producing a lateral pressure on extended, thick de- 
posits of sedimentary rocks. Slaty cleavage was caused 
by this lateral pressure. 

The following peculiarities are noticeable in the relief 
forms of the continents: 

1. The continents have, in general, high borders and a 
low interior. 

2. The highest border lies nearest the deepest ocean; 
hence, the culminating point, or the highest point of land, 
lies out of the centre of the continent. 

3. The greatest prolongation of a continent is always 
that of its predominant mountain-system. 

4. The prevailing trends of the mountain masses are the 
same as those of the coast lines, and are, in general, either 
north-east or north-west. 

Water acquires its maximum density at about the tem- 
perature of 39.2® Fahr. 

Water requires more heat to warm it, and gives out more 
on cooling, than any other common substance. 

During the constant washings to which the continenta 
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ftre flul^ected by the rains, their sarfaces are cleansed of 
the decaying animal and vegetable matters which cover 
them. 

The drainage of the land is of two kinds : subterranean 
and sarfkoe drainage. 

SarfiMse drainage is either oceanic or inland. 

According to the size of their reservoirs, springs are 
either constant or temporary ; according to the depth of the 
reservoirs, they are either cold or hot ; according to the 
nature of the mineral substances lining their reservoirs, 
they become charged with various mineral substances ; if 
their reservoirs discharge through a siphon-shaped tube, 
they are |»eriodical ; if their reservoirs are formed of con- 
cave layers, they are called artesian springs. 

The quantity of water discharged by a river depends— 
1. On the si7*e of its basin. 2. On the amount of its rain- 
&11. 3. On the climate of its basin, a dry, hot air dimin- 
ishing the quantity by evaporation. 4. On the nature of 
its bed or channel, whether leaky or not. 5. On the 
features of its basin, whether wooded or open. 

The material eroded by a river is deposited — 1. In the 
channel of the river. 2. On the alluvial flats or flood- 
grounds. 3. At the mouth. 4. Along the coast near the 
mouth. 

In the upper courses of rivers erosion occurs mainly on 
the bottom of the channel ; in the lower courses, at the 
Bides. 

The Atlantic and Arctic Oceans receive the waters of 
nearly all the large river systems of the world. 

Lakes connected with the system of oceanic drainage are 
generally fresh ; those connected with the inland drainage 
are generally salt. 

The bed of the ocean is less diversified than the surface 
of the land. 

The greatest depth of the ocean is probably greater than 
the greatest elevation of the land. 

The articulation of land and water assumes four dis- 
tinct forms, — inland seas, border seas, gulfs and bays, 
and fiords. 

Inland seas characterize the Atlantic ; border seas, the 
Pacific ; gulfs and bays, the Indian ; fiords, the Atlantic 
and Pacific. 

A deposit of fine calcareous mud or ooze, formed of the 
hard parts of minute animalculee, occurs over extended 
areas of the floor of the ocean. 

Tides are caused by the attraction of the sun and moon : 
spring tides by their combined attractions; neap tides, by 
their opposite attractions. 

Constant ocean currents are occasioned by the heat of the 
sun and the rotation of the earth. 

The vertical rays of the sun are warmer than the oblique 
rays — 1. Because they have a less depth of air to pass 
through. 2. Because they are spread over a smaller area. 
3. Because, striking the surface more directly, they produce 
greater heat. 

(Continual summer characterizes the tropics ; summer and 
winter of nearly equal duration, the temperate zones ; and 
short, hot summers, followed by long, intensely cold win- 
ters, the frigid zones. 

The irregular distribution of heat over the earth is 
caused — 1. By the irregularities of the surface. 2. By pecu- 
liarities in the distribution of the land- and water-areas. 
3. By the influence of the winds and ocean currents. 4. 
By the nature of the surface. 

Winds are caused by the disturbance of the equilibrium 
of the atmosphere by heat. 

The general motion of the surface winds is towards an | 



area of greatest heat ; of the upper currents, towards an 
area of least heat. 

The general atmospheric circulation is from the equator 
to the poles, and from the poles to the equator. 

In storms, the wind has a rotary motion around an area 
of low barometer, which, at the same time, progresses along 
the surface. 

In the northern hemisphere, the rotary motion is in an 
opposite direction to the hands of a clock ; in the southern 
hemisphere, in the same direction as the hands of a clock. 

Moisture may be precipitated from the air in the form of 
dew, mist, fog, cloud, rain, hail, sleet, or snow. 

In order that any form of precipitation may occur, the 
air must be reduced below the temperature of its dew- 
point. 

Glaciers are immense masses of ice and snow, which 
move with extreme slowness down the higher valleys of 
mountain-ranges. They resemble rivers in that they re- 
ceive through the drainage of their basins, the solid 
material which flows into them. 

The snow line is the distance above the sea where the 
snow remains throughout the year. The height of its 
lower level above the sea depends (1.) On the amount of 
the snowfall. (2.) On the temperature of the valley. (3.) 
On the inclination of the slope. 

The unit of electric potential is called a volt; the unit 
of current an ampere; the unit of resistance an ohm. 
Ck)mparing the flow of electricity to a current of water in 
a pipe, the volt corresponds to the pressure causing the 
flow, the ohm to the resistance, or friction, opposing itf 
and the ampere to the quantity of flow per second. 

The principal electrical phenomena of the atmosphere are 
thunder and lightning, St. Elmo's flre, and the aurora. 

The principal optical phenomena are the rainbow, the 
mirage, halos, and coronse. 

The earth acts like a huge magnet. Its magnetism la 
probably due to the circulation around it of electrical cur- 
rents, generated by the sun's heat. 

The true basis for the distribution of vegetation is the 
distribution of the light, heat, and moisture, upon which 
its existence mainly depends. 

The variety and luxuriance of vegetation decrease as 
we pass from the equator to the poles, or from the base 
of a mountain to the summit. 

The principal food-plants of the tropical regions are rioe, 
bananas, plantains, dates, cocoa-nuts, cassava, bread-fruit, 
sago, and yams. 

Cofi*ee, tea, cocoa, pepper, cloves, nutmegs, and vanilla 
are also products of the tropics. * 

The principal food-plants of the temperate zones are 
barley, rye, wheat, oats, maize or Indian corn, buckwheat, 
and the potato. 

Animals are restricted, by conditions of food and climate^ 
to certain regions of the earth. 

They are dependent for their continued existence upon 
plant^s the distribution of which therefore forms an excel* 
lent basis for the distribution of animals. 

With a few exceptions, animals i>osses8 but little jwwer 
of becoming acclimated, or living in a climate diflering 
greatly from that in which they were created. 

The grassy meadows and prairies in North America cause 
the fauna of the continent to be characterized by a pre- 
ponderance of plant-eating mammals. Its extensive lake- 
and river-systems harbor a great number and variety of 
waterfowl. 

South America is characterized by the predominance of 
its reptiles and insects. Birds are also numerous. 
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Asia is the home of domesticated animals. 

Australia is the home of the marsupials. 

The luxuriant vegetation of the south of AfHca sustains 
some of the largest of the mammalia, such as the elephant, 
rhinoceros, hippopotamus, and giraffe. 

The entire human family has descended from a single 
pair or species. 

The primary races of men are the Caucasian, the Mongo- 
lian, and the Negro. 

The secondary races are the Malay, the American, and 
^e Australian. 

The coast line of the United States is comparatively 
simple and unbroken. 

The predominant mountains are in the west ; the second- 
ary mountains are in the east. 

The great low plains of the United States are the Atlantic 
coast plain and the plain of the Mississippi Valley. 

The United States lies in the physical north temperate 
and the physical torrid zone. 



The climate of the northern half of the Atlantic coast 
is much colder than that of the northern half of the 
Pacific. 

The United States lies in the zone of the variable 
winds. 

The heaviest rainfall is on the Pacific coast and near the 
borders of the Gulf States. 

There are four distinct plant regions: the forest, the 
prairie, the steppe, and the Pacific. 

The Territory of Alaska occupies an area of 550,000 
square miles. 

The Territory of Alaska is mainly mountainous. The 
shore lands of the Arctic are frozen moor-lands like the 
tundrap of Asia. 

The Yukon and Kuskovim are the principal rivers. 

Myriads of salmon visit the rivers during the breeding 
season. 

Valuable food-fish are found in the waters off the coasts. 

Numerous ftir-bearing animals are found in Alaska. 
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Mathematical Geography. 

What is the earth's position in the solar system ? 

How much larger is the sun than the earth? 

Of what use are latitude and longitude ? 

Distinguish between a map of the earth on a Mercator's 
projection, and maps on equatorial and polar and conical 
projections. 

Explain the cause of the change of day and night. 

Explain the causes of the change of seasons. 

The Land. 

Enumerate the proofs of the present heated condition 
of the interior of the earth. 

What is the theory for the exclusive occurrence of vol- 
canoes near the borders of the ocean ? 

Why is it unnecessary to consider the interior of the 
earth as in a fluid condition like that of the lava ejected 
from volcanoes? 

Name the principal regions of active volcanoes. 

What facts have been discovered respecting earthquake 
shocks ? Why should the shocks occur more frequently at 
night than during the day, or during winter than summer? 

Into what two classes may unstratifled rocks be divided ? 

Explain the origin of coal. 

Enumerate some of the changes which are now taking 
place in the crust of the earth. 

What are the relative land- and water-areas of the earth ? 

Describe the land hemisphere. The water hemisphere. 

What do you understand by lines of trend ? 

Which of the continents contains, in proportion to its 
area, the greatest length of coast line? Which the least? 

Distinguish between continental and oceanic islands; 
between coral and volcanic islands. 

Why does the presence of an atoll in any part of the 
ocean prove the subsidence of its bed at that i>oint ? Ex- 
plain the nature of the coral formations off the southern 
coast of Florida. 

What do you understand by the forms of relief of the 
land? 

Distinguish between a mountain and a hill. A plateau 
and a plain. 



What peculiarities are noticeable in the general relief 
forms of the continents? 

Which of the continents resemble each other in the gen- 
eral arrangement of their relief forms ? In what respect 
do they all resemble one another? 

The Water. 

Enumerate the principal rises of water in the economy 
of the earth. 

What effect has the high specific heat of water on the 
climate of maritime countries? 

What is the cause of the heat developed during the con- 
densation of a mass of vapor? 

Distinguish between subterranean and surface drainage. 

Explain in general the origin of springs. 

Into what different classes may springs be divided ac- 
cording to the size of their reservoirs? According to 
the shape? The location? The shape of the outlet 
tube? 

Define calcareous, silicious, sulphurous, chalybeate, brine, 
and acidulous springs. 

Define river-system, basin, water-shed, source, channel, 
and mouth. 

Explain the origin of waterfalls. 

By what are the inundations of rivers caused? 

What is silt? In what different parts of a river-system 
may silt be deposited ? Define fluvio-marine formations. 

In what respects do the drainage-systems of North and 
South America resemble each other ? 

In what respects do the river-systems of Africa resemble 
those of the Americas? 

Why are the waters of lakes with no outlets generally 
salt? 

Name the great fresh-water lake-systems of the world. 

State the composition of ocean-water. What is its 
density? Its boiling-point? Its color? 

How do the five oceans compare with one another in 
area? 

Distinguish between inland seas, border seas, and gul& 
and bays, and fiords. 

What facts are known respecting the shape of the bed of 
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the Atlantic Ocean ? Of the Indian Ocean ? Explain the 
origin of the ooze-depoeits on the ocean's beds. 

By what are waves caused? Upon what does their 
height depend? 

How are tides caused ? 

Distinguish between ebb, flood, spring, and neap tides. 

Where does the parent tidal wave originate? 

In what part of the ocean are tides the highest? 
Why? 

What are the main causes of constant oceanic currents? 

In what respects do the currents in the three central 
oceans resemble one another? 

The Atmosphere. 

What is the composition of the atmosphere ? 

By what instrument is the pressure of the atmosphere 
measured? 

What proof have we that the greater weight of the at- 
mosphere lies within a few miles of the earth's surface? 

Define climate. Enumerate the circumstances which 
influence the climate of a country. 

Why are the vertical rays of the sun warmer than the 
oblique rays? 

In what different ways does the atmosphere receive its 
heat from the sun ? 

Explain the origin of winds. 

Why should the general direction of the atmospheric 
circulation be between the equator and the poles? 

Name the different wind zones of the earth. 

What is the origin of land and sea breezes? 

What resemblance do land and sea breezes bear to 
monsoons ? 

Describe some of the peculiarities of cyclones. 

What facts have been discovered in regard to the great 
storms of the United States? 

Enumerate the circumstances upon which the rapidi^ 
of evaporation depends. 

State the general law for the occurrence of precipi- 
tations. 

Under what circumstances will a heavy deposition of 
dew occur? 

Name the primary forms of clouds. The secondary 
forms. 

Explain the peculiarities of the rainfftll in each of the 
wind zones. 

Why is the rainfall on mountains heavier than that on 
plains? 

D(*flne snow line. On what three circumstances does the 
height of the snow line depend ? 

Describe the formation of a glacier. 

Enumerate the principal electrical and optical phenom* 
ena of the atmosphere. 



What is the probable cause of the earth's magnetism ? 
Deflne volt, ohm, ampdre. What analogies exist between 
the flow of water in a pipe and an electric current? 

Organic Life. 

Why should the distribution of light, heat, and moisture 
form the best basis for the distribution of vegetation? 

Deflne flora. Distinguish between the horizontal and 
the vertical distribution of vegetation. 

State the limits of each of the horizontal zones of 
vegetation. 

What is the characteristic feature of the flora of each of 
these zones? 

State the conditions requisite for the existence of forests; 
of prairies ; of steppes ; of deserts. 

Enumerate the principal cultivated plants of the torrid, 
temperate, and polar zones. 

Define fauna. 

Upon what is the existence of animal life dependent? 

What is the cause of the change noticed in the fauna in 
passing from the equator to the poles, or from the base to 
the summit of a high tropical mountain ? 

Enumerate the characteristic tropical fauna ; the temper- 
ate fauna ; the arctic fauna. 

What is the characteristic peculiarity of the fauna of 
each of the continents? 

Enumerate the proofs of the probable unity of the 
human race. 

Name the portions of the world inhabited by each of the 
primary and secondary races. 

Physical Features of the United States. 

What is the area of the United States, exclusive of 
Alaska? 

Describe the surface structure of the United States. 

Describe the drainage-systems of the United States. 

What are the causes of the difference in the temperature 
of the eastern and western coasts? 

Between what extremes of mean annual temperature are 
the United States included? 

In what wind zone is the United States situated? 

Name the four principal regions of vegetation. 

Enumerate the chief agricultural productions of the 
country. 

What large animals are found in the United States? 

Name the chief mineral productions. 

What is the area of Alaska? 

What are the principal indentations of its coast? 

Name the principal inlands of Alaska. 

Describe the river-system of the Yukon. 

Name the principal trees of Alaska. Name its principal 
fur-bearing animals. Its principal food-fishes. 
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Volcanoes and Earthquakes. 

Describe the volcanic districts of the Pacific Ocean. 

In what portions of these districts are volcanoes most 
numerous? 

Describe the volcanic districts of the Indian Ocean. 

In what direction do most of the lines of fracture in 
this ocean extend? 



Describe the volcanic districts of the Atlantic 

Where are submarine eruptions most numerous in this 
ocean? 

Describe the earthquake district of the Mediterranean 
Sea and Central Asia. 

What other portions of the world are especially liable to 
earthquake shocks? 



Name the parts of the world shaken by the great earth- 
quake of Lisbon, in 1755. 

Oceanic Areas and River-Systems. 

What two oceans receive the drainage of* the greatest 
areas of the continents'' 

State, from a careful inspection of the direction in which 
the principal river-systems flow, the direction of inclina- 
tion of the principal slopes of the continents. 

Observe that in most of the continents there is a long 
gentle slope and a short abrupt slope; state the general 
direction of each of these slopes. 

Locate the principal systems of inland drainage in each 
of the continents. 

Name the principal lakes and rivers belonging to the 
larger of these systems. 

Describe in general the river-systems of the Atlantic, or 
the rivers draining into the Atlantic. Describe the river- 
systems of the Pacific. Of the Indian. Of the Arctic. 

Enumerate the five largest rivers belonging to each of 
these river-systems. 

Name the principal rivers of the world which have delta 
mouths. 

What are the land and water boundaries of each of the 
five oceans ? 

Ocean Currents. 

What is the general direction of the equatorial ocean 
currents? Explain the cause of this general direction. 
What exception can you find to it? 

What is the general direction of the Arctic currents ? Of 
the Antarctic currents ? 

What are the causes of these general directions ? 

Describe the principal currents of the Atlantic ; of the 
Pacific; of the Indian Ocean. 

Locate the principal grassy seas.* 

Explain the cause of these seas. 

Name the principal warm ocean currents ; the principal 
oold ocean currents. 

Name some cold currents which powerfully affect the 
climate of different parts of the earth ? Name some warm 
currents which powerfully affect the climate. 

In what respects do the general directions of the cur- 
rents in each of the central oceans resemble one another? 

Name the points of resemblance between the Gulf 
Stream and the Japan Current. 

Isothermal Lines and Physical Zones. 

Point out the most striking deviations in the directions 
of the isothermal lines from the parallels of latitude. 

Explain in each case the main cause of these deviations. 

In what part of the world do the isothermal lines coin- 
cide most nearly with the parallels ? 

Trace on the map the isothermal line of 79^ Fahr. Of 
32® Fahr. Of 40° Fahr. 

In what parts of the world is the highest temperature 
found during the month of July ? 

What is the temperature of the greatest cold of January ? 
Where is it found ? 

What is the mean temperature of London for January ? 
For July ? What other large cities have nearly the same 
mean July or January temperature as London ? 

What is the mean temperature of Bombay for January ? 
For July? What other large cities have nearly the same 
mean July or January temperature as Bombay? 



Point out the northern limit of drift ice. The southern 
limit. 

Why is it advantageous for a vessel sailing from England 
or America vi4 the Cape of Good Hope to maintain an 
easterly direction both going and returning? 

Describe the boundaries of the physical torrid, tem- 
perate, and frigid zones. 

Name the principal countries which lie wholly or in part 
in each of these zones. 

^A^inds, Rain, and Ocean-Routes. 

State the boundaries of each of the wind zones. 

What is the general direction of the wind in each ef 
these zones? 

Name the principal monsoon regions of the world. 

Enumerate the principal mountain and desert winds. 

What is the direction of the rotation of the wind in the 
cyclonic storms of the northern hemisphere ? Of the south* 
em hemisphere? 

Name the principal storm-regions of the world. 

Describe the characteristic rainfall in each of the princi- 
pal wind zones. 

What would be the general route of a vessel in sailing 
from America to Europe, and back again? From Europe 
to San Francisco? 

What two sailing routes are there from Europe to Aus- 
tralia or India ? 

Vegetation. 

Give the boundaries of each of the plant zones. 

State the countries or portions of countries which lie in 
each of these zones. 

Name some of the useful plants of each of these zones. 

Point out on the map the northern limit of trees. The 
Bouthem limit. 

Name the portions of the world from which valuable 
timber is obtained. 

What are the principal tea- and coffee-growing countries 
of the world? 

Where are the principal forests? 

Animals. 

What limits are assumed as the boundaries of the tropi- 
cal, temperate, and arctic fauna? 

Name the principal tropical, temperate, and arctic 
&una? 

What domesticated animals are found in the tropical and 
temperate zones? 

Trace on the map the northern limit of the camel and 
of the reindeer ; of monkeys. The southern limit of the 
camel ; of monkeys ; of the polar bear, and of the elephant 
and rhinoceros. 

In what parts of the world are the whale, seal, and wal- 
rus found ? 

Describe the limits of the grizzly bear. Of the musk-ox. 

What are the characteristic animals of the New World? 
Of the Old World? 

State the characteristic fauna of North America. Of 
South America. Of Europe, Asia, Africa, and Australia. 

The Races of Men. 

Trace on the map the northern and southern limits of 
permanent habitation. 

Name all the countries of the world inhabited by the 
Caucasian race. 
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In what parte of the world are the Ckacisians mixed with 

Name th« diSbrent coautriM of the world inhabited by 
the MoDgolian nee. 
Name «om« of tlie diObtent peoples belongiug to thi> 

What parts of the world m« peopled by tlie Ethiopian, 
or Netnwnwe? 

Xame 101118 of the different tril>ea iMloDging to this nee. 

Name the differeot coaatries of the world inhabited by 
the secondary nces of men f 

Oive the names of the principal tribes of each of the 

What different racee of men inhabit North Amerlc*t 
South America? Europe? Asia? Africa? Australia? 
19 



Name the principal moantalo-nuige* beloDging to the 
predominant and secondary maun tain-systems. 

Deeeribe the drainage-systems of the United States. 

What large lake-syslem ie situated in the north-eaatem 
part of the United States? 

Trace on the map the geueial direotions of the principal 
isothermal lines, showing the hottest and coldest portions 
of the country. 

Name the principal islands which lie near the coasts of 
the Uoited States. 

Name the fluvin-marine formations of the eastern 
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PRONOUNCnTG VOOABULABY. 



SOUNDS OF THE LETTERS. 



Vowala. 
Pita, fir. till, At, t (obMDn), u io orKan, iiirki ; ■ 
msdiats bMKsm I Kid 1, u in al-f-bab'-m^; U oi 
Dt, mlt, f. M in berth, nrel ; piae or plD«, pin, j, u 
•Til) tl&, dtt, (, u in ■armon, hubor; oo, u Id mooi 
in gocHl ; Ow, u in dow ; Q, u in cabe ; Q, m Id tut 
Francb an, netrl; lika u in tab, or far; j and a<r, ■ 
unaaceDtad Bjltabla, like a la mai ai and aj, Ilka a 
an and aw, aa a Id fall ; H, ai i In pit; Ow or au, aa do 



Cooaorinnta. 



S, aouDd of Ibt Oar 



t lika oar h, etrangi; 



aipiratad. II Indiaataa a blending of tba aouDda of d and j; 
I, a blandlng of I and 7 ; H and n and R*, DMal, lika oar Dg ; 
>, lika rr in tarror ; *, like our r. Pronoanca all other lettera 
ai in Engllih. 

The primary or principal oflcml ii marktd ikiit {'} ; the 
MOODdarj, thai ('). 

In determining the oorreot pronaDclation of a word, ^nt 
■ound the leparate ijllablai diiliutlli/, repeating the proc»> 
■aTaial lime* ; afumard pronounce the whole aord imootbl j 
and conlinnougl;, being oarefol to mark the aocenli; t.g. 
Keradi, nl-vL'-di, Daj-Tab'-dafa ; Apache, i-pl'-obi, ah- 
pah'-ehay; Canada, kln'-(-df, kan'-Db-dUh. 



AbrMinU, ab>ia-ein'-e-(. 
AoMteafOft, i-kon-k&'-gwL 
AdaUbaig, &'-dfl>.b4rg\ 
Adriatie, ad'-re-at'-ic. 
Afghullbui, if-g&n'-ii-lln'. 
Afnlliu, i.gool'-jlf . 
Alabama, sl-vb^b'-mf. 
Alaika. Ills'-kl. 
Albemarle, hL be- marl'. 
Alantiaii, f-lu'-ibe-tn. 
AlKin*. ll-jaer.'. 
AlleKbanie*, al-le-g^'-neee. 

Altamalia, U-tf-mvbaw'. 

AMalSn, am '-t- 19a, 
Amboyua. im-boi'-ni. 

AmooT, i-moor'. 
Anabnao, ln-&-wlak'. 
Anatolia, in-f-io'-1e-^ 

Antlsoitl, BD-ie-koe'-tee. 
Antillei, InMeel'. 
Antiiana, Ln-te->&'-ni. 
Appalaohioola, *p' -pa-lab' -obe-ko'-lt. 
Apanninei, np'-«a-nini\ 
Appal aobian, ap-pf-li'-cha-fn. 
Apfheron, lp-Bbi-n>n'. 
Alarat, &r'-^-rat\ 



ArDhaagel, ar1i-in'-jil. 
Araqnipa, ft-rl-kee'-pL 
Aiiaona, ar'-i-to'-n*. 
Arkaoiai, ar-kaa'-iia. 



Amlnm, in'-rt-ron'. 
Alia, i'-abe-t, not i'-ibe-%. 
Ataoama, l-ll-kl'-ml. 
Atliabaaoa, tth'-f-bfa'-kf. 
AnsUand, twk'-l^nd. 
AuTHga*, S'-vairfi'. 
AtOiea, ai'-Bri, or ai-ori'. 
Atov, li'-ai', or i-WT'. 



B. 

Babylonian, bab-e-lo'-ne'tn 
fiahamai, bf-bl'-m^ 
Baikal, bi'-kli. 
Baku, b&'-koo'. 
Balkan, bll-kin'. 
Balkuli, btl'-klib'. 
Baltiniere, bawl'^te-more, o 



Batavia, bf-tt'-re-^ 
Baton Bonga, bni'-^n-rooih. 
Bedonlna, bcd'-uo-ini. 
Beled-el-Jerid. bjl'-e^l-rl-jer-aad'. 
Belooohiitan, bel-oo'-cliia-tiD'. 
Balor, or Solor, bA-lor'. 
Bengal, b*n-gawl'. 
Berlin, bfr'-lin. 
Bormndai, btr-mon'-d|i. 

Be'Plna, b)r-nee'-nl. 

Bohomlaa, bo-hn'-me-fn. 

Bolivia, uu-liv'-ea. {Spanlab proi 

Bombay, bom-bi'. 

Boathia Felix, buo'-Ibel re'-lika. 
Bourbon, bar'-ltpn. 
Brahmapootra, brah'-ma-poo'-trf. 
Braioa. b rah' -19s. 

Bnano) Ayrei, I 



(Sp. 



., b<Ti'-t 



Cairo, kl'-ro. 
Calabria, kf-li'-bre-f. 

CalOQtta, kal-knt'-t^ 
Cambodia, kam-bt'-de-^ 



rlla, fir, f&ll, fit, mt, mlt, pine, pin, n&, nAl. org^n, bfrth, rirm, lermgn, CQbe, tab, tb 
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OuiMdge, kime-bry. 


F. 


J. 


OamerooBi, eam-er-oons'. 




^^^ • 


CantaMui, k&n-t&'-bre-fa. 


Falkland, fawk'-lfnd. 




Ouiton, kan-ton'. 


Vayal, fl&l'. 


Jan Mayen, y&n-mi'-en. 


CapeYerde, T«rd^ 


7eejee, fee'-jee. 


Japan, j&-p&n'. 


Caribbean, kar^-rib-bee'-an. 


Venan, fSi^-sin'. 


Java, jA'-Tf, or Jab'-ra. 


Carpathian, kar-p4^-the-fa. 


Finateranrhom, flns'-ter-lir-hom. 


Jomllo, bo-rool'-yo, or ho-roo'-yo. 


CaatiU, k&s-tMl'. 


Florea, flo'-rAs. 




Canaa, kdw'.k&. 


Vormoia, for-mo'-Bi. 




Caneafua, kaw'-ki-sHs. 


Fnii Tama, fa-ai-7&-mA'. 


K. 


Cayenne, ki-jAnn', or kr-4nii'. 






Celebee, fll'-e-befl. 




Kaifit, k&r-O. 


Ceram, a^r4m^ 


Q. 


Kalahari, kil-a-b&'-re. 


Gevennei, Bi'-yflnn'. 


^^ • 




Ceylon, mo'-Ioii, or lil-On'. 


Oairdner, gard'-aer. 


Karakomm, kA'-ril-ko'-rilm. 


Chagoe, ehi/-g6: 


Oallapagos, gi-14'-p&-goee. 


Kenia, k^'-ni-f. 


Chamomni, sbi^moo-noe' (or Chamo- 


Gangea, gan'-gii. 


Kentneky, kfln-tiik'-ee. 


nix, 8b&^ -mo-nee'). 


Onrdafni, gar'-d^fWee'. 


Kergnelen, k^rg'^-len. 


Champlain, sham-pl&ne'. 


Garonne, g&'-ronn'. 


Keweenaw, ke-wee'-naw. 


Charleiton, eharlx'-t^n. 


Oandaleape, gwi-di-loo'-pi. 


KiUnea, kA'.l6'-4.&. 


Chelynikin, ohel-ytt8'-k|n. 


Ohanta, gawti. 


Kilimandjaro, kU'-e-ain^Ji-iV'. 


Chieago, tbe-kaw'-go. 


Gila, heel'-A. 


Kingban, kin-g&ii'. 


CkiU, ehil'-lee. 


Oilolo, je-lo'-lo. 


Kiolen, ky-6'-l^, or cb6'-l«ii. 


Colima, ko-]ee'-in&. 


Oreenwich, grin'-idge. 


Kodiak, ko'-de.&k. 


Colorado, kol-o-rah'-do. 




Kong, k6ng. 


Come, ko'-mo. 


Grenelle, gr«h^-n£ll^ 


Koeeinsko, kot-se-tts'-ko. 


Cemorin, oom'-^rin. 


Onadelonpe, gaw^-da-loop', or gi-d^h- 


Knen-lnn, kwAn^-loon'. 


Comoro, kom'-o-ro. 


loop'. 


Knnehi^Jnnga, kooa-ohin-jang'-g&. 


Congo, kong'-go. 




Knrile, koo'-ril. 








Ceeifnina, ko-ae-ghee'-ni. 








Ovinea, ghin'-nee. 


L. 




■ 


laeeadiTe, lik'-ka-dlir^. 


D. 


H. 


Ladoga, lA'-do-gl. 


mKK^ 9 


^B^B* 


Ladronet, lid-r6nt'. 


Bakota, d^ko'-t^ 


Halle, hilMfh. 


Lapland, lap'-lfnd. 


Dannbe, din'-tlbe. 


Harti, haRtfl. 


La PnebU, lA pw«b'.I4. 


Deeean, dAk'-k^n. 


Havana, b^-van'-f. 


Lanterbmnnen, Idw^-ter-brMn^-ofn. 


Demayend, ddm^-i-vAnd'. 


HawaU, h&.wl'-ee. 


Lima, lee'-mi. 


Detroit, de-troit'. 


Hajti, hi'-tee. 


Limpopo, lim-pA'-p&. 


Dhawalaghire, d^wAr-f-gMr'-ree. 


Heela, b«k'.]&. 


Llanos, ry&'-n6t. 


IHnarie, de-n&r'-io. 




Llnllayaen, ryoo-rjl-ryA'-kd. 


Dnieper, nee'-pr. 


7*- 


Loibden, lof-fo'-d^n. 


Dniester, nees'-t^r. 


Hindoo-Kooih, hin'-ddO-kOOsh. 


Loire, Iw&r. 


Dra, dri. 


Hindostan, bin'-d^-stin'. 


Lombardy, lom'-b%r-de. 


Dnna, dU'-n&. 


Hoang-Ho, ho-ang^-b5', nearly whang^- 


Loo Cboo, loo^-cbew'. 


Dwina, dwr-n%, or hwee'-n&. 


ho'. 


Louisiana, loo-ee-se-ab'-n^ 




Hoogly, boog'-Iee. 


Looisyille, loo'-is-vil, or loo'-e-WL 




Hnmber, bftrn'-b^r. 


Lowell, lo'-el. 




Hungarian, bung-ga'-re-an. 


Lupato, lii-p4'-t&. 


E. 






Senador, ik-w&-dOr'. 


I 


M. 


Edgeoumbe, ij'-kum. 


^* 


Bdinbnrgh, dd'-in-bar-rfib. 


Iberian, I-bee'-re-^n. 


Maeao, m&-k0w', or m&-kA-o. 


Bbe, Alb. (Ger. pron., Al'-beh.) 


Tlaman, or Illimani, eer-y&-in&'-ne. 


Haokeniie, m^-k£n'-see. 


Elbmi, £r-brooz'. 


niinoU, ir-lin-oi'. 


Madagasoar, mad^-%-gai'-kar. 


nton, «r-ton'. 


Indiana, in^-de-an'-%, or in-de-ab'-n^ 


Madeira, m&-dee'-r^ or mi-dA'-HL 


Saphratet, a-fri'-t^. 


Indianapolis, in-de-an-ap'-^-lis. 


Hadrid, mi-drid'. (Spanish pron., ml- 


Ererett, ^v*-h'hi. 


Iowa, i'-o-w^ 


dreed'.) 


Xjre, air. 


Irrawaddf , ir'-rf-wld'-de. 


Magdalena, mag-d^-lee'-n^ 


flte, f&r, fill, f&t, mh, m< 


It, pine, pin, nb, n6t, orgfn, b^rtb, f jrm, sem 


190, tabe, tab, thin, THis. 
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Xaggiore, iii&d-jo'-r&. 

MalUve, inar-dlT. 
Kanitoba, man-e-to'-b%. 
Xantehooria, man-ohoo'-re-a. 
Karaoaybo, in&-r&-kl'-bo. 
Marietta! m4-re-it'-t^ 
KarquetaSi maR-ki'-s&s.] 
KarMillas, mar-sili'. 
ify""* Loa, mow'-n& lo'-i. 
Manritiiitt maw-rish'-e-fis. 
Xediterranean, rndd'-e-t^r-rft'-ne-fn. 
XelbourxM, mdr-bfirn. 
Xesopotamia, in£s^-o-po-t&'-me-%. 
Miohif^n, misb'-e-g^D, fonnerly mish- 

e-g&n'. 
MissUsippl, mis^sis-sip'-pM. 
Miisouri, mis-Boo'- ree. 
Xobilef mo-b«er. 
Xoluoeai, mo-liik'-k^. 
Xonte Botat mon^-ti-r6s'-8i. 
Xont BlanOi m6ni-bl6Di'. 
XooMheadi moos^-bH'. 
Moaoow, mos'-k5. 



N. 

Vanling, n&n'-Iing'. 
Vatohei, oatoh'-iz. 
Vetberlands, ndTH'-^r-Ifodi. 
Veusaliwerk, noi'-s&lts-verk. 
Vevada de Sorata, ne-vab'-d% dft bo- 

Vewfoundlandf nu'-fpnd-land'. 

Vgami, n'g&'-mee. 

Viagara, m-ag'-^-r^h, originally ne- 

l-g&'-ra. 
Vioaragna, nik-ar-i'-gw4. 
Vitmeiif nee'-m^n. 
Vieuyeldt, nyuw'-velt 
Viger, nl'-ger. 
Vorfolk, nor'.f9k. 
Vova Sootia, no'-T% 8ko'-8he-%. 
Vora Zambia, no'-v^ s£m'-bl^. 
Vubia, nu'-be-^ 
V^yaisa, or Hyaisi, ne-lfl'-see. 



O. 

Oba, o'-bee. 

Okaflnokee, o^-ke-fin-o'-kee. 

OUiotfkt o-KotBk'. (Rassian pron., 

O-HOtBk'.) 

Onega, o-n4'-g&. 
Onimak, oo-ne-m&k*. 
Ontario, on-t4'-rd-o. 
Oregon, or'-e-g^n. 

I, or-e-no'-ko. 



P. 

Pamir, p&-ineer'. 

Pamlieo, p^m'-Iee-k5. 

Pampaa, piim'-pis. 

Panama, p4n-^-m&'. 

Papua, pap'-oo-^ or p&^-poo'-4. 

Paraguay, p4-r4-gw4% or p&-r4-gwl'. 

Paramaribo, par'-%-mar'-e-bo. 

Paeeo, p&a'-ko. 

Patagonian, p&-t4-go'-iie-«n. 

Panmotn, pow-m6-too'. 

PeUng, p4'-liDg'. 

Penian, p^r'-Bhe-^D. 

Potchora, p£toh'>o-HL 

Philippine, fir-ip-pin. 

Platte, platt. 

Polynesia, por-e-nee'-ahe-%. 

Pompeii, poin-p4'-7ee. 

Pontebartrain, pdiit-oh&r-tr4ii'. 

Popooatepetl, po-po.ki-t4-p£tl'. 

Pmatia, prfisb'-y%, or proo'-sbe-f. 

Pyrenees, plr'-en-ees. 



a 



IK 



Qnebee, kwe-b^k'. 
Qnito, kee'-to. 



R. 

Sadaek, r4'-d&k. 
KaUck, HLMik. 
Heading, rftd'-iog. 
Bbine, rln. 
Bhone, rSn. 

Biobamba, re-o-b4m'.bi. 
Bio de la PlaU, reo'-o d4 14 pl&'-t4. 
Bio Grande, ree'-o gr4n'-d4. 
Bio Janeiro, rl'o j&-nee'-ro. 
Boanoke, ro^-aii-5k'. 
Bodrignes, ro'-dreeg'. 
Bustia, riish'-i-^ or roo'-sbe-^ 
Bnstian Amerioa, roo'-sb^ ^-m£r'- 
e-k%. 



S. 

Sabine, 8&-been'. 

Saghalien, B4-g4-]ee'-aD, or 8&-g4- 

leen'. 
Sahara, B4-h4'-ra, or 8i'-ha-r&. 
Saint Helena, 84Dt hel-ee'-D^. 
Salina, B^-Ii'-n^ 
Salibnrg, 84It8'-blirg. 
Samoan, 8am-5'-^. 
Sandwich, saDd'-wich, or Band'-wij. 
San Francitoo, 84ii fdLn-Bis'-ko. 



San Joaqnin, s4n Ho-4-keeii', almost 

wah-keen'. 
Santa Barbara, B4n'-t4 baR-b4-r4. 
Santa Cmi, 84n'-ta kroos. 
Santorini, 84ii-to-ree'-nee. 
Sarmiento, saR-me-An'-to. 
Saskatehewan, 8a8-katch'-e-w6n. 
Scandinavian, 8kaii-de-n4'-Te-an. 
Seine, 84n, or sAn. 
Senegal, eto^-e-gawl'. 
Shasta, 8h48'-t^ 
Siam, 8l-am', or se-am'. 
SicUy, BiB'-il-e. 

Sierra Estrella, se-^R'-Ri As-tr^r-yL 
Sierra Leone, se-er'-ra le-o'-nee. 
Sierra Madre, Be-£R'-R4 m4'-Dr4. 
Sierra Hevada, Be-£r'-r4 n4-v4'-i>4. 
Singapore, BiDg^-g^.-pore'. 
Sir, or Sihon, Blr, or reer, see^-bon'. 
Sitka, Bit'-k«. 
Spitsbergen, Bpits-b^rg'-fn. 
Steppes, BtepB. 

St. Lonis, Bfot loo'-is, or B^nt loo'-ee. 
St. Petersburg, s^nt pee'-tf n-btLrg. 
St Boqne, B^nt r5k'. 
St. Thomas, s^Dt tom'-^. 
Stromboli, 8trom'-bo-1e. 
Sumatra, 8oo-m4'-tr^ 
Sumbawa, Boom-baw'-wf. 
Sues, Boo'-£s. 

Suliman, or Suleiman, B99-14-ni4n'. 
Syracuse, slr'r%-kQi. 
Syria, slr'-e-^ 

T. 

Tahitian, t4-bee'-tee-fn. 

Tanganyika, t4n-g4D-yi'-k4. 

Tarim, t4'-rini. 

Tasmania, tas-m4-ne-%. 

Taurus, taw'-rfis. 

Tchad, cb4d. 

Teneriffo, tfin'-^r-ifT. 

Thames, t£mz. 

Thian-Shan, tee'-4n'-8b4n. 

Thibet, tib'.«t, or tib-6t'. 

Timor, te-m5r'. 

Titicaca, te-te-k4'-k4. 

Tocantins, to-k4n-teeD8'. 

Toledo, to-Iee'-do. (SpaniBb pron., to« 

l4'-i>o.) 
Tongan, toDg'-gfn. 
Torrens, tor'-r«nB. 
Torres, toR'-R^s. 

Transylvanian, tran-8il-v4'-ne-?n. 
Trieste, tre48t'. 
Trinidad, trin'-e-dad'. 
Tristan d' Acunha,tri8'-t&n d4-ktLB'-y4. 
Tundras, toon'-dr^ 
Tunis, tu'-niBB, or too'-DlBB. 
Turkestan, tooR^-kis-tAn'. 



tiit, f4r, f&ll, f4t, mh, mftt, pine, pin, n6, nftt, org^n, bf rib, firm, sermpn, tabe. tfib, thin, THiB. 



PKONOPNCING VOCABULAEY. 



u. 




w. 


Tkktuk, j»'-koot.h'. 




Tug-tM-KUBg, 7lnB>-tM-k<iliif'. 




-y»- 


Wftbult, wkw'.ba^. 


Trido,jW'.do. 






Wu«t«lk, wi'-«lBh. 








W«iwr, ♦i'-ntr. 


TtnlMi, jId'-^*-., or jto'-t-mr. 






W«Mr, •r-nr- {G«r. proD., *i'.itr.) 


TuMiiito, 7o-»m'-«.tfc 


V. 




WMt IlkdiM, WMt iB'-dMl. 


TnMtftn, joo-ki-tlo'. 




W.ttar, *»t'.Mr. 


Tnbtt, yn'-kon. 


Taldal, »ll'-dL 




mniUlMfO, wis'-DB-bt'-KO. 




Tuummri, vKn-koo'- 


ran. 


Wiudp«». win'-t-p«g. 




T.nwMU, Tio'-H-w^'-M. 


WlHOBlla, Hll-hOD'-riD. 




TtiBTiM, T»-ln'-Tl-lU 




WorOMttr, wM.'-t«. 


z. 


'nohy, TM'->hM'. 






yUiaUL, Tl-en'-n(. 






ZftgTN, J'-glOl'. 


Vlndhym .Ind'-yl. 




Y. 




Toljm, Tol'-gL 






aMUnd,il''lu>d. 


Tmbw, rtlh. 




YtblOBi, ji-blo.D0i'. 


Ziunk, ilf-ii. 



BRIEF ETYMOLOGICAL VOCABULARY. 



Amaion, " Boat d«lru;er." 
Anbil^ " The Und of the iDiuet." 
Bmbnupootra, " The son of Bntbnub" 
(kmeToona, "A ahrimp." 
Deccan, "The south." 
Ecuador, " The equator." 
Elton, "Oaldeo lake." 
Fonncaa, "Beantifal" (Island). 
Oallapagos, " Islanda of the tortoiaea." 
Oaoges, "Heavenward flowing." 
Himalaya, " The abode of snow." 
Hlndoetan, "The coantry of the Hindoos," 

Hoang-Ho, "Yellow river/' 
Holland, " Hnddy or nuushy land." 
Irniwaddy, "The gre*t river." 

Java, "Hioe." 
Labrador, " Caltivable." 
Ladrones, " Islands of the thieves." 
lAnterbrunneii, " Nothing but sprlugs." 
Ualdivea, "Thousand islands." 



Hantchoorla, "Conutry of the Hantchooa,* 

Mer de glace, " Sea of ioe." 

Meaopotunia, " Between the riven." 

Hississlppl, " The great water." 

Histonrl, " Haddy water." 

Netherlands, "The low conutrie*." 

Niphon, " Fonntalu or souroe of light." 

Nova Scotia, " New Scotland." 

Ny««e»,"The«e»." 

Orinoco, " The coiled serpent" 

Papua, " Frizzled hair." 

Patogoniana, "Men with large feet." 

Polynesia, "Many islands." 

Popocatepetl, "Smoking mountain." 

Saskatchewan, "Swift current" 

Sierra Nevada, " Snow-clad mountain." 

Singapore, "Oty of the Hon," 

Staubbach, " Dnst or mist brook." 

Thiau-Sban, "The celtatial mountain." 

Wiunipiseogee, "The smile of the great Spirit* 

Yang-(se-Kiang, "Son of the gie«t water." 





Statistical Tables. 



Hydrographlo Table of the Rivers of the 
World (from A. K. Joamrrou). 


Kaki of BITBI. 


Ar«ort»lll 
■qiunmila. 


ini .iDdlQp. 




6S.S80 

S6,040 

4I.8TO 

39,040 

32,180 

22,830 
620,200 <I) 
834.080 
169,690 
924,800 
784JS30 
6W.400 
397,*60 
237,020 (?) 

U7,800 

B37.400 

432,480 

318,000 (?) 

1B6.680 

331,800 
























Nile 


2,240(1) 






Obi 

Yeniwl 


2,380 
2,800 






Sir or SihoD 


1,208 (?) 


YMg-too-KUng 


23B0 


Ukngea 


1.680 















NEW WORLD. 



St, LawreDce and Qrest lakes' 

Delaware 

Orinoco 



Tocantins . . . 
Sao FnDcisco . 
Lb Plata . . . 
UivMppi ■ ■ 
Bio del Noite . 
Hackeiiile . . 
Saak ate bewail 
Columbia. . . 



Areas of the Principal Lakes of the 
Earth. (Id English ■qnara mllM.) 



Superior 38,600 

HichlBan 26,000 

Hnrou 20,400 

Great Slave 18,800 

Erie 9,000 

Winnipeg 9,(i00 

Oeorglao Bay ... . 8,000 

Gnat Bear 8,000 

Ontario 6,300 

Maracalbo 4,900 

Titlcaca 4,200 

Athabasca 3,000 

Niearagna 2,800 

Great Salt 8,200 

Green Bay 2,000 

Cbamplalo 480 

PontchartralD . ... 440 

Pyi»miil 380 

Hooeehead 840 

Winnebago 212 



EUBOFB. 

LadOK* e.330 

Onega 3.290 

W«ner 2,136 

Wetter 839 



Aral Sn 88,000 

Baikal 13,000 

Balkaah 8,000 

ZiifTah(A('gh»nlat>n) 4,000 

Wan 8.800 

Ummirah 1^)0 

DeadSM 400 

'nberiaa 900 

Afuca. 

Victoria NyanB . . 88,000 

Albert Nyania . . . 8^000 

Tchad 15,000 

Tanganyika .... 13,000 

NjMM 5,000 

Australia. 

Eyre 3.000 

Torreni 2,000 

Qalrdner 2.40O 



Population 


Of the 


Earth 




South Am 


erica 




























Afri 






























Total . . . 






,487,900,000 



STATISTICAL TABLES. 



Tables showing the Area and Product 
of some of the Cereals, etc., in the 
United SiHies. 

(Fnm Um Centiu Report* ot 18M.] 
INDIAN COBN. 



Indiaaa . . . 
Keatackj . . 
TenneaMO ■ . . 

PeOIlB7lTBIll» . 



Uinnetot* . . 
CKlltornlft . . . 
IIKdoU. . . . 
Indiuia. . . . 

Ohio 

KaiuBi. . . . 
UlMoni'l . . . 
NortL Dakota . 
If ichigsD . . . 

PeDIU7lTUli& . 



Ulinoia . . . 
WiacomiD 

Uipnesol* . 

NebiMka . . 

Obio . . . . 

Hinouri . . 

New York . 

HichigAD . . 



Cklironiia . . . 
WiacoDsia . . . 

Minnesota . . 
New York . . 
UlchigBu . . . 
Nfbreska . , . 
North Dakota . 
Waahington . . 
Illinois .... 



PcnDsvlvaoi 
New Vork 



New York , 
Pennnylvanl 
Wisconsin. . 
Hlchigao . . 



3,18S,5&3 
3.566,190 
S,960,3a2 
2,791,321 
1,252,369 

WHEAT. 
3,3T2,B27 
3,840,807 
2,-23l),861 
2,570,017 
2.269.585 
1,562,635 
1,946,785 
2,70N,199 
1,501.225 
1.31tt,172 



1,503,515 
],21.j,:i.>5 

1,676,706 



313,130,782 

!»,e2g,7n6 

259,674,568 
215,895,996 
196,904,915 
113,892,318 
106,843,094 
78.434,847 



42,318,279 



52,300,247 
40,869,337 
37,371,081 
37,318,796 
3S,5S0,2C6 
30.399,871 
30,113,821 
26,388,465 
24,771,171 
21,595,499 



146,679,280 
137.60^,804 
60.739,052 
4H,U5n.791 
44,620.004 
43,843.640 
40,136,732 
39.820,149 
38.H96,479 
36,961,193 



17,518,386 
15,>25,872 
13.4(Ml,ia2 



70,'«6 
3r>,3S)ri 
25,243 



1,252,063 
l,0e(r>.0B3 
1,007,156 



1,004,17') 
811,1177 
460,411 
2KI.746 
281,705 



Kentuckr 323,409 

Virginia 127,068 

Tennessee 67,119 

Ohio 30,106 

North Caroliua . . . 67,107 

Pennaylvaaia .... 19,600 

Indiana 19,252 

HarylsDd 33,776 

HJaaonri 14,126 

WlKonsiD 13,813 



64,034,000 
45,641,000 
36,195,000 
26,766,000 
24,180,000 
16,163,000 
14,017,000 



Population or the United States. 

(From the C«iuai of ISM) 

North Atlantic St*t«a 17,401,54B 

Maiac 661,086 

VBrn.^'r""'"''" :::::;:;::::::: ^^ 

Mmwwhuaetto .' ' ' -' '.'.'.'.'.'.'. ^^^'^ 

Khode Island 345,60e 

Coiiiicoticut 746,268 

Sew York 6,997,863 

NewJeiwy 1,444,933 

PcniiBylyania 6,268,014 

South Atlautic StstM 6,667,920 

Delaware 168,493 

Maryland 1,042,390 

District of Colambi* 230,392 

Virginia 1,655,960 

West Virginia 762,794 

North Carolina I,617,»47 

Bonth Carolina 1,151,149 

Gforgia 1,B37,363 

Florida 391,422 

North Centra] State* 22,362,279 

Oliio 3.672,318 

Indiana 2,192,404 

IIJinoiB 3,826,351 

Mifhijtan 2,003,889 

Witwonsin 1,686,880 

Minnesota 131,826 

Ii,wa 1.911,866 

Missouri 8,679,184 

North Dakota 182.719 

South Dakota a*",** 

Nebraska 1,058,910 

Kansas 1,427,096 

S..nlli Central Statei 10,972,893 

K.-nlii.'kv 1,858,635 

T..n...-we 1.767,518 

^lalMima 1,513.017 

Mi*sissi|.[-i l,2M).80O 

]..>uisi»iia l,llM..'i87 

Tcxiui . a,asj,523 

Indian TiTrilorj- 

01(l,.li<miii «l.<0* 

Arkansas 1,128,179 

W.-Bt.Tn StalTO 3,0^,613 

Montiiua 132.159 

Wv,.n.i..K 60.T05 

Cilonulo 412,lie 

Now Meiico irj,ri93 

Ariis.)iia 5H.ftiO 

riuh 2"';.?"S 

Nevada 4.1.761 

Idaho M,3S5 

WashiiiEton '.'..'..'.'.'. '. '.'.'.'.'.. 319.390 

On-irmi 313,7ff7 

California 1,208.130 

ToUl popalatlon of the United Slates .... 68,622,^0 
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Cities or the United State 
ulation over 80,000, f 
ulation. 

(From tbe Oimu o 


s having a Pop- 
n order of Pop- 

riMO.) 

1,516,301 




POPlLiTIOM. 


29. Albany, N. Y 


W.923 

88,150 


1. New York City, N. Y. ... 




84,855 


3. Philadelphia P». 


1,048,964 


34. Eichinond, V> 


81,388 






36. Pateraon, N. J 


78,347 








434 439 




' 






39. Scrautou, Pa 


75,215 




296,906 

261.353 


10. Qevelaud, 


41, Carobridge, Haa 

42. Atlanta, Ga. 

44. WilmiiifEton, Del 

45. Daytoti. 


. 70,028 

65,533 






13. Pittsburgh, P. 


238,617 

230,392 


61,431 

61,220 


16. Milwaukee, Wis. 


804.468 


47. Grand Rapids, Hicb 

48. Reading, Pa 


60,378 
















20. LoulBTilla, Ky 

21. Omah^ Neb. 


161.120 

140,152 






52. Lmcoln, Neb 

53. Cliarlcstou, 8. C 

54. Hartford, Conn 


55,154. 








24. Kmaas City, Mo 


132,716 

132,148 

108,713 

iM,«a 




66. EvauBville, lod 


50,756 


27. IndiMspolis, Ind 


58. Des Moines, la 


50.093 



1 




MODEL TEXT-BOOKS 



FOR 



SCHOOLS, ACADEMIES AND COLLEGES. 



Cbase & Staaxt's Classical Series. 

RRST YEAR IN LATIN. 

A LATIN GRAMMAR. 

A LATIN READER. 

OESAR'S COMMENTARIES. With Lexicon and Notes. 

FIRST SIX BOOKS OF ^NEID. With Lexicon and Notes. 

VIRGIL'S >ENEID. With Notes. 

VIRQtUS ECLOGUES AND GEORGICS. With Lexicon and Notes. 

CICERO'S SELECT ORATIONS. With Lexicon and Notes. 

aCERO DE ORATORE. With Notes. 

CICERO DE SENECTUTE ET DE AMICITIA. With Notes. 

CICERO DE OFFICIIS. With Notes. 

CICERO'S TUSCULAN DISPUTATIONS. With Notes. 

CICERO'S SELECT LETTERS. With Notes. 

HORACE'S ODES, SATIRES AND EPISTLES. With Notes. 

SELECTIONS FROM HORACE. With Lexicon and Notes. 

SALLUSrS CATALINE ET JUGURTHA. With Lexicon and Notes. 

LIVY. With Notes. 

CORNELIUS NEPOS. With Lexicon and Notes. 

TERENCE. With Notes. 

TACITUS. With Notes. 

JUVENAL. With Notes. 

OVID. With Lexicon and Notes. 

PLINY. With Notes. 

_ ^ • 

A Series of Text-Books on the English Langnage. 

BY JOHN S. HART, LL.D. 

LANGUAGE LESSONS FOR BEGINNERS. 
AN ELEMENTARY ENGLISH GRAMMAR. 
ENGLISH GRAMMAR AND ANALYSIS. 
FIRST LESSONS IN COMPOSITION. 
COMPOSITION AND RHETORIC. 

Hirt't Composition and Rhetoric is more generally in use than any 
other work on the subject. 

The practical character of this book is one of its most valuable 
features. In this respect it is far ahead of any otlier work of its 
kind. 

Prof. Moses Coit Tyler says of it : 

" In the transition from grammar to what may be called the me- 
chanics of literary workmanship, we are obliged to insist upon a 
particular text-book — ' Hart's Composition and Rhetoric' — simply 
Decause that hook is the only one as yet in the market which deads 
so fully and so well with the topics which we desire to emphasize." 

The thousaiuK uf schools of every grade, including Graded Schools, 
Aciidemies, Seminaries, High-Schools, Normal SchooK. Colleges, 
and such institutions as Vassar College. U. S. Military' Academy at 
West Point, in which this book is used, not only with satisfaction, 
but with enthusiasm, testify to its merit. Unlejis peculiarly meri- 
torious, no book could possibly attain the widespread popularity 
which has been accorded to this manual. 



Prof. Houston's Series of Tex^Book8. 

EASY LESSONS IN NATURAL PHILOSOPHY. 
INTERMEDIATE LESSONS IN NATURAL PHILOSOPHY. 
ELEMENTS OF NATURAL PHILOSOPHY. 
ELEMENTS OF PHYSICAL GEOGRAPHY. 



Webb's Word -Analysis Series. 

THE MODEL DEFINER. 
THE MODEL ETYMOLOGY. 
A MANUAL OF ETYMOLOGY. 



CHRISTIAN ETHICS; or, The Science of the Life of HumM 
Duty. A New Text-Book on Moral Science. By Rsv. D. S. Grb- 
GORY, D. D. 

PRACTICAL LOGIC. By Rbv. D. S. Gkegory, D.D. 

A MANUAL OF ELOCUTION AND READING. By Dr Kdw^kk 
Brooks, Supt. of Schools, Philadelphia, Pa. 

LESSONS IN LANGUAGE. ) „ ^ ^ . ^ 

EXERCISES IN ENGLISH. I ""'' '^''^^"'' ^'""°''' ^^ ^• 

PRACTICAL BOOK-KEEPING. By Prof. John Groesbeck, author 
of the Crittenden Commercial Arithmetic. In two books, viz. : 

School Edition, Single and Double Entry. 
College Edition, Single and Double Entry. 

THE CRITTENDEN COMMERCIAL ARITHMETIC AND BUSI- 
NESS MANUAL. Designed for the use of Academies. High- 
Schools, etc. By Prof. John Gkoesbeck. 

AN ELEMENTARY ALGEBRA. A Text-Itook for Schools and 
Academies. By Joseph W. Wii-son, A. M. 

A HANDBOOK OF LITERATURE. By E. J. Trimble, late Prof, 
of Literature in State Normal School, West Chester, Pa. 

A SHORT COURSE IN LITERATURE. By E. J. Trimble. 

SHORT STUDIES IN LITERATURE. By Albert P. Southwick, 
A.M. 

FIRST LESSONS IN PHYSIOLOGY. With Special Reference to 
the Effects of Alcohol, Tobacco and other Narcotics on the Human 
System. By Charles K. Mills, M. D. 

ANATOMY, PHYSIOLOGY AND HYGIENE. With Special Refer- 
ence to the Effects of Alcohol. Tobacco and other Narcotics on the 
Human System. (In Preparation.) 

THREE THOUSAND PRACTICE WORDS. By Prof. J. Wilus 
Westlake, a. M., State Normal School, Millersville, Pa. 

A HAND-BOOK OF MYTHOLOGY. By S. A. Edwards. 

POLITICAL ECONOMY. A Text-Book for Schools, Academies and 
Colleges. (In Preparation.) 

THE GOVERNMENT OF THE PEOPLE OF THE UNITED 
STATES. A Text-Book on Civil Government for Schools and 
Academies. By F. N. Thorpe, Ph.D. 

AMERICAN LITERATURE. A Text-Book for SchooU and Acade- 
mics. By A. H. Smyth, A. M. 

IN THE SCHOOL-ROOM; or, Chiptere in the Philosophy of 
Education. By John S. Hart, LL.D. 

THE MODEL POCKET REGISTER AND GRADE-BOOK. A 

Roll-Book, Record and Grade-Book combined. 

THE MODEL SCHOOL DIARY. Designed as an aid in securing 
the co-operation of parents. It consists of a daily Record of the 
Attendance, Deportment, Reciution, etc. of the Scholar. 

THE MODEL MONTHLY REPORT. Similar to the Model School 
Diary, excepting that it is intended for a Monthiv instead of a 
aWkly Report of the Attendance, etc. of the Pupil. 

MODEL ROLL-BOOKS. Not. I end 2. Designed for Recording 
Attendance, Reciution, etc. Sample Sheets sent by mail on ap- 
plication. 



Manuals for Teachers. 

A Series of Hand-books in five volumes, which, it is believed, wlU 
prove a valuable contribution to the Art and Science of 7'eaching. 

These Manuals have been received with remarkable favor by teacben 
everywhere. Descriptive Circular on application. 

1. THE CULTIVATION OF THE SENSES. . 

2. THE CULTIVATION OF THE MEMORY. 

3. ON THE USE OF WORDS. 

4. ON DISCIPLINE. 

5. ON CLASS TEACHING. 



OUR BODIES. A Series of Charts for Teaching Physiology, and showing the Effects of Alcohol on the Human System. 

For further infoniiation respecting our Publications please address 

ELDREDGE & BROTHER, 

17 North Seventh Street, 

PHILADELPHIA, PA. 



